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Abstract 
Microbial Quality of Ready-to-Eat Foods Available to Populations of Different 
Demographics 
Renata Jacob 
 
 
 
 
Evidence indicates that individuals of low socioeconomic status (SES) and 
minority groups may suffer greater rates of foodborne illness. Previous research has also 
indicated that these populations have different retail access to food than high SES 
populations.  This study examined whether populations of different demographics are 
exposed to greater microbial risks on ready-to-eat foods available to them at the retail 
level. 
The US Census Bureau was used to identify census tracts with high Asian (ASI), 
Hispanic (HIS), Caucasian (CAU) and African American (AFA) populations as well as 
census tracts of high and low SES. Databases were used to identify food store outlets 
available in those tracts. Two hundred and thirteen (213) food stores from 63 tracts were 
visited and 994 ready-to-eat (RTE) food samples were purchased for microbiological 
testing. Food samples were tested for temperature, aerobic plate count, coliforms, fecal 
coliforms, E. coli, S. aureus and L. monocytogenes. 
The temperature of storage of eggs was lower in retail stores located in CAU 
tracts when compared to low SES tracts (46.9 ± 5.7°F vs. 50.2 ± 7.2°F, p=0.026). 
Aerobic plate count in milk was lower in stores from AFA tracts when compared to milk 
from HIS tracts (2.36 ± 0.99 vs. 3.07 ± 1.65 log10 CFU/ml, p=0.042); and lower in milk 
xii 
 
from high SES tracts (2.24 ± 1.03 log10 CFU/ml) when compared to milk from HIS and 
low SES tracts (3.07 ± 1.65 and 2.98 ± 1.64 log10 CFU/ml; p=0.014 and p=0.035, 
respectively). Prevalence of fecal coliform in deli meat was lower in stores located in 
CAU tracts (2.7%) when compared to HIS and high SES tracts (21.1%, p=0.014; 20%, 
p=0.020, respectively). Hoagie samples from stores in low SES tracts showed lower APC 
when compared to hoagies from CAU, ASI and HIS tracts (5.83 ± 1.28 log10 CFU/g vs. 
6.31 ± 1.03, 6.44 ± 0.92 and 6.29 ± 1.24 log10 CFU/ml, respectively; p=0.028, p=0.009 
and p=0.016). Coliform counts of hoagie samples from stores located in HIS tracts were 
lower when compared to hoagies from CAU and high SES tracts (2.15 ± 1.49 log10 
MPN/g vs. 2.82 ± 1.43 and 2.76 ± 1.59 log10 MPN/g, respectively; p=0.007 and 
p=0.013). E. coli was found in one hoagie sample from a HIS tract (1.5%) and Listeria 
spp. was found in two hoagie samples from CAU and low SES tracts, as well as in one 
hoagie sample from HIS and high SES tracts. Greater availability of RTE produce and 
fresh herb samples were found in stores in ASI and high SES tracts.  
Additionally, observations were made on the way tofu is handled at 15 retail 
stores from ASI census tracts. One hundred and ten (110) tofu samples either 
prepackaged or from opened containers were tested. The same tests performed for RTE 
foods were performed for both tofu cake and juice from open containers and package. 
Only tofu cakes were tested for Listeria spp. Tofu samples from open containers showed 
a higher APC, coliform counts and temperature of storage than packaged tofu; S. aureus 
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and Listeria spp. were found only in tofu from open containers (2.6% and 6.4%, 
respectively). 
These results indicate that individuals of especially low SES, Asian and Hispanic 
populations may find RTE products of lower quality at the retail level. In particular Asian 
population may face increased risks of foodborne illness due to tofu products of low 
quality and safety from retail stores. Additionally, higher APC and coliform levels in 
lunchmeat and hoagies from high SES and Caucasian areas may indicate poorer quality 
of these products available for these populations, however these products were not found 
to be less safe. Finally, using microbial count as an indicator, it would appear that African 
American populations are not exposed to higher risks of foodborne illness due to 
microbial contamination of ready-to-eat foods. 
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW 
 
1.1 Foodborne illness 
Foodborne illness is defined as diseases, usually either infectious or toxic in nature, 
caused by agents that enter the body though the ingestion of food (WHO, 2007). 
Governments all over the world are intensifying their efforts to improve food safety in 
response to an increasing number of food safety problems and rising consumer concerns 
(WHO, 2007).  According to one report from the United States Department of 
Agriculture Economic Research Service (USDA-ERS) “Foodborne illnesses account for 
about 1 of every 100 U.S. hospitalizations and 1 of every 500 deaths” (Buzby, et al., 
2001). 
Foodborne diseases are known to contribute to both human morbidity and 
mortality as well as to health care costs (Campbell et al., 1998). The USDA-ERS also 
estimates that foodborne illness triggered by just five foodborne pathogens - 
Campylobacter, Salmonella, E. coli O157:H7, Listeria monocytogenes and Toxoplasma 
gondii - cause $6.9 billion in medical costs, lost productivity and premature deaths each 
year in the United States (USDA-ERS, 2000). A recent study conducted by Roberts 
(2007) estimates the societal costs of all acute foodborne illness is a total of U$1.4 
trillion. 
The World Health Organization (WHO, 2002) describes important population 
factors which could result in a high susceptibility to foodborne infections. According to 
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the WHO, age is an important factor because those at the extremes of age have either not 
developed or have partially lost protection from infection. People with a weakened 
immune system also become infected with foodborne pathogens at lower doses which 
may not produce an adverse reaction in healthier persons. Seriously ill persons, suffering, 
for example, from cancer or AIDS, are more susceptible to infections with Salmonella, 
Campylobacter, Listeria, Toxoplasma, Cryptosporidium, and other foodborne pathogens. 
In developing countries reduced immunity due to poor nutritional status render people, 
particularly infants and children, more susceptible to foodborne infections (WHO, 2002).  
Foodborne illnesses can occur as isolated cases or constitute an outbreak, which 
can involve two to thousands of people and reach different states. Foodborne outbreaks in 
recent years in the United States have been linked to the consumption of such food items 
as ground beef, cookie dough, peanut butter and jalapeño peppers (CDC 2008, CDC 
2009a, CDC 2009b, CDC2009c). According to Altekruse et al (1996), some of the factors 
altering foodborne disease patterns are the types of food that people eat, the sources of 
those foods, and the possible decline in public awareness of safe food preparation 
practices. 
 
 
1.2 Foodborne Diseases Active Surveillance Network - FoodNet 
The Foodborne Disease Active Surveillance Network (FoodNet) was established in 1996 
and it is a component of CDC‟s Emerging Infections Program (EIP). It is a collaborative 
effort of the CDC, ten EIP sites, the U.S. Department of Agriculture Food Safety 
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Inspection Service (USDA-FSIS) and the Food and Drug Administration (FDA). The 
goals of FoodNet are to “determine the frequency and severity of foodborne diseases that 
occur in the United States, to monitor trends in specific foodborne diseases, to determine 
the proportion of foodborne disease attributable to specific foods, to disseminate 
information that can lead to improvements in public health practice and the development 
of interventions to reduce the burden of foodborne illness” (Allos, et al., 2004, CDC, 
2009).  
 FoodNet surveillance began in California (selected counties), Connecticut, 
Georgia, Minnesota and Oregon. Since 1996 the number of sites have expanded, with the 
inclusion of additional sites in New York (selected counties), Maryland (1998), 
Tennessee (2000), Colorado (selected counties; 2001) and New Mexico (2004). Currently 
these ten FoodNet sites (Appendix A) perform population based surveillance in an area of 
44.5 million persons (Jones, et al., 2007). The program quantifies and tracks the 
incidence of laboratory-confirmed cases for 7 bacterial (Campylobacter, Listeria, 
Salmonella, shiga-toxin producing E. coli, Shigella, Yersinia and Vibrio) and 2 parasitic 
diseases (Cyclospora and Cryptosporidium). 
 Over the past decade FoodNet has contributed substantially to our understanding 
of the epidemiology of foodborne diseases in the United States. FoodNet population 
surveys and laboratory surveys have been used to estimate the burden of disease, for 
example it is estimated that there are 38.6 cases unreported of Salmonella infection for 
each reported case (Jones et al., 2007). Additionally, case-control studies have identified 
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new risk factors for E. coli O157:H7, Campylobacter, and several Salmonella serotypes 
(Jones et al., 2007), such as international travel, different kinds of food prepared outside 
the home and reptile or amphibian exposure (Mermin et al, 2004, Kimura et al, 2004, 
Glynn et al, 2004). 
 Some studies from FoodNet have shown disparities in trends of foodborne 
diseases for different populations according to race/ethnicity (Banerjee, et al., 2002, Lay, 
et al., 2002a, Lay, et al., 2002b, Marcus, et al., 2002). Although there is a limitation on 
the generalization of FoodNet studies due to the overrepresented Asian population and 
underrepresentation of Hispanic populations, Hardnett et al. (2002) demonstrated that the 
FoodNet population is similar to that of the United States for research purposes. 
 
 
1.3. Incidence of foodborne illness for populations of different races/ethnicities 
A number of studies have examined the relationship between incidence of foodborne 
illness and populations of different races/ethnicities. The studies described below look at 
Hispanic, African American, Asian and Caucasian populations. 
 
1.3.1 Hispanics 
Disparities were demonstrated by Lay et al. (2002b) on the incidence of Listeria 
infections among eight FoodNet sites from 1996 to 2000 in the United States. 
Demographic data was analyzed on all cases of culture-confirmed listeriosis identified 
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since 1996. The average incidence of Listeria infections was 0.7 (cases/ 100,000 
population) among Hispanics and 0.2 among non-Hispanic during the study period. A 
similar surveillance study examined the incidence of listeriosis from all FoodNet sites 
from 1996 to 2003. The reported incidence among the Hispanic population was higher 
than among the non-Hispanic population from 1997 through 2001, peaking at 1.8 times 
the incidence among the non-Hispanic population in 2000. The same trend was observed 
for the incidence of pregnancy-associated listeriosis, which was markedly higher for 
Hispanics than non-Hispanic patients for the period studied, being approximately five 
times higher in 1998 (22.1 and 4.3 cases/ 1,000,000 population respectively) (Voetsch, et 
al., 2007). 
  Culture-confirmed cases of shigellosis were analyzed by Shiferaw et al (2004) 
using data available from 1996 to 1999 from FoodNet. A higher incidence of Shigella 
infection among Hispanics than Caucasians (16.2 and 3.0 cases/ 100,000 population, 
respectively) was observed. In a recent study, Chang et al (2009) conducted an ecological 
analysis of 26 sociodemographic and economic factors associated with the incidence of 
enteric diseases from 1993 to 2002. They reported higher incidence of shigellosis in 
communities with more Hispanic residents.  
 Lay et al (2002a) determined cases of Shigella and Salmonella typhi to be higher 
in Hispanics than non-Hispanic Caucasians during 2000. A higher incidence of invasive 
salmonellosis among Hispanics than Caucasians was reported by Vugia et al (2004) 
during the period of 1996 to 1999, with an annual incidence of 1.3 and 0.4 cases/ 100,000 
6 
 
population respectively.  Cases of culture-confirmed salmonellosis were also studied 
specifically in the state of Michigan from 1995 to 2001 by Arshad et al (2007). Data 
obtained from the Department of Community Health (MDCH) among patients whose 
ethnicity was known, showed that Hispanics had a significantly higher average annual 
incidence for S. enteriditis compared to non-Hispanics (1.0 vs 0.5/100,000 population). 
 Finally, Banerjee et al. (2002) conducted a telephone survey to investigate if 
several high-risk foods identified through outbreak investigations were eaten more 
commonly by Hispanics. Among the respondents, Hispanics versus non-Hispanics were 
more likely to eat 10 of the 11 high risk foods and less likely to eat hot-dogs (50 vs. 58% 
respectively). This factor may contribute to higher incidence of certain foodborne 
infections among Hispanics.  
 In summary, the current literature indicates that Hispanic populations were more 
likely to have a higher incidence of Listeria and Salmonella enteriditis infections than 
non-Hispanic populations and also to have a higher incidence of Shigella and Salmonella 
typhi infections than Caucasian populations.  
 
1.3.2 African Americans 
Shiferaw et al (2004) examined a total of 4317 culture-confirmed cases of shigellosis 
from the FoodNet surveillance area from 1996 to 1999 and reported higher average 
annual incidence of infection per 100,000 people among African Americans (16.1) than 
the average annual incidence of the entire population studied (7.4). An association 
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between African American race and the incidence of shigellosis was reported by Chang 
et al (2009) using data for the period of 1993-2000. Lay et al (2002a) observed higher 
incidence of Shigella and Yersinia infections (relative rate = 2.5, 6.0 respectively) among 
African Americans than Caucasians using FoodNet data from 2000, however the 
relationship was not observed for E. coli O157:H7 or Campylobacter infections (relative 
rate = 0.2, 0.4 respectively). Particularly in the former study, the incidence of S. sonnei 
infection was higher among African Americans (5.2 cases/100,000 population) compared 
with other groups (2.7 for Caucasians, 1.2 for Hispanics and 1.2 for Asians).  
 The incidence of Yersinia enterocolitica infections observed by Ray et al (2000) 
in five FoodNet sites from 1996 to 1999 reported an annual incidence (cases/100,000 
population) greater among African Americans (3.2) when compared to Asian, Hispanics 
and Caucasians (1.5, 0.6 and 0.4, respectively).  
 Incidence rates of Salmonella serotype Enteritidis (SE) among FoodNet sites from 
1998 to 2000 were investigated by Marcus et al. (2002). Analyzing 939 Salmonella SE 
infection cases where the race/ethnicity of the patient was known, the average annual 
incidence (cases/100,000 population) of Salmonella SE was higher for African 
Americans (2.0) than Hispanics (1.2) and Caucasians (1.1). A higher incidence among 
African Americans than among Caucasians was also reported by Vugia et al (2004) from 
1996 to 1999 for cases of invasive salmonellosis. Chang et al (2009) also reported an 
association of salmonellosis between individuals of African American race and incidence 
of the disease. Finally, a study conducted in Michigan examined the cases of culture-
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confirmed salmonellosis from 1995 to 2001, revealing a significantly higher average 
annual incidence per 100,000 population among African-Americans as compared to 
Caucasians (Arshad, et al., 2007). The incidence was higher for S. typhimurium (2.5 vs 
1.3), S. enteritidis (1.4 vs 1.1), S. Heidelberg (0.8 vs 0.3) and S. Newport (0.3 vs 0.1). 
In summary, African American populations showed a higher incidence of 
Salmonella SE infections than Hispanic and Caucasian populations; higher infection rates 
for Shigella sonnei and Yersinia enterocolitica than Asian, Hispanic and Caucasian 
populations; and higher incidence of invasive salmonellosis, Shigella and Salmonella 
infections than Caucasian populations for the periods studied. The same relationship was 
not observed for infections caused by E. coli O157:H7 and Campylobacter when 
compared to Caucasian populations.  
 
1.3.3 Asians 
The incidence of Yersinia enterocolitica infections in populations of different 
demographics was analyzed (Ray et al., 2000). Using data from FoodNet sites from 1996 
to 1998, the annual incidence of the infection (per 100,000 population) in Asian 
populations was approximately 3 to 6 times higher than that in Hispanic and Caucasian 
populations (1.7 vs. 0.6 and 0.3, respectively), although it was less than the rates 
observed among African Americans (3.5). Higher incidence of Yersinia enterocolitica 
infections in Asians than among Caucasians was also found by Lay et al (2002a) utilizing 
FoodNet data from 2000. The same study also found a higher incidence of Vibrio 
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infections among Asians than among Caucasians (5.1 vs. 2.2 cases/100,000 population, 
respectively) and a higher incidence of S. typhi infections among Asians than Caucasians 
(45.7 and 16.3, respectively), but not for E. coli or Shigella.  
 Population-based data collected from FoodNet during 1996-1999 was analyzed by 
Vugia et al (2004) to determine the incidences of invasive Salmonella infections. By five 
times more, a higher incidence in Asians (2.0 cases/100,000 population) was reported 
compared to Caucasians (0.4 cases/100,000 population). Additionally, Shiferaw et al. 
(2004) examined FoodNet data from 1996 to 1999 and described demographic 
differences in the incidence of culture-confirmed shigellosis. The incidence of both S. 
sonnei and S. flexneri infections was higher among Asians than among Caucasians.  
Overall, these studies showed that Asian populations had a higher incidence of 
infections caused by S. sonnei, S. flexneri, Salmonella typhi, Vibrio, Yersinia 
enterocolitica and invasive Salmonella than Caucasian populations. The same 
relationship was not observed for infections caused by E. coli O157:H7. Additionally, 
Asian populations have a higher incidence of Yersinia enterocolitica infections than 
Hispanic populations, which was not observed when rates were compared to rates of 
African American populations. 
 
1.4 Incidence of foodborne illness for populations of different socioeconomic status 
Limited studies have examined whether there may be disparities in trends of foodborne 
illnesses for populations of different income levels. Borgnolo et al. (1996) performed a 
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case-control study of 85 cases with non-typhoid Salmonella gastroenteritis in north-east 
Italy between June 1989 and June 1994 and directly associated “low social class” with 
incidence of the disease. Another study reported by Olowokure et al (1999) examined the 
relationships between hospital admissions for gastrointestinal infection and 
socioeconomic factors, suggesting that gastrointestinal infection resulting in hospital 
admission is more common in areas of high social deprivation than in affluent areas. In 
addition, Bytzer et al (2001) studied the relationships between social class and 
gastrointestinal symptoms in about 9,000 Australian adults and the data obtained showed 
trends for the prevalence rates of some gastrointestinal symptoms to increase with 
decreasing social class. Males and females in the lowest social class had increasing rates 
of constipation and upper dysmotility symptoms, however no association was found for 
heartburn or diarrhea with social class.  
 Chang et al. (2009) analyzed sociodemographic and economic factors associated 
with the incidence of salmonellosis, shigellosis and E. coli O157:H7 infections in United 
States counties for the period of 1993 to 2002 using data from the National Notifiable 
Diseases Surveillance System. The incidences of shigellosis and salmonellosis were 
higher in communities where residents live below poverty level, however a negative 
association was found for E. coli O157:H7 infections. Simonsen et al. (2008) looked at 
the occurrence of laboratory-confirmed bacterial gastrointestinal infections in the 
population of Denmark from 1993 to 2004, and found higher incidence rate ratios (IRR) 
of infection with Campylobacter, Shigella, Salmonella Enteritidis and Yersinia 
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enterocolitica in high income groups. The highest income groups (≥400,000 Danish 
crowns/year) showed IRRs of  1.5, 2.7, 1.18 and 1.17 for Campylobacter, Shigella, 
Salmonella Enteritidis and Yersinia enterocolitica infections respectively when compared 
to the reference group (100,000-199,999 Danish crowns/year). 
 Studies indicating differences in the incidence of foodborne illness for 
individuals of different demographics can help to identify groups at risk and areas that 
may need further investigation. It is not known at this time why these different rates of 
illness occur or where in the farm to fork continuum different populations might 
experience different risks. These differences may be caused by 1) poorer food quality and 
hygiene associated with practices during food preparation 2) reduced resistance to disease 
for immunocompromised individuals 3) greater or lower risk associated with the 
consumption of specific/ethnic food products and/or 4) different employee/consumer 
handling habits. It is possible that these differences may be contributing to disparities in 
trends of foodborne diseases among individuals of varying socioeconomic status and 
racial/ethnic makeup.  
 
1.5. Access to food by populations of different demographics 
1.5.1 Supermarkets vs. grocery stores 
There is evidence that the retail food store outlets that are available within a particular 
demographic area are associated with the racial/ethnic makeup of neighborhoods 
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(Morland, et al., 2002). Several studies conducted in different states have reported that 
predominantly Caucasian populations appear to have the greatest number of chain 
supermarkets available in their demographic area (Moore and Roux, 2006, Morland et al, 
2002). Morland et al. (2002) studied the distribution of food outlets in Mississippi, North 
Carolina, Maryland and Minnesota, suggesting that some people may be disadvantaged in 
terms of food availability. For example, 5 supermarkets were located in thirty five 
predominately African American neighborhoods to provide service for nearly 118,000 
people. In contrast, there were 68 supermarkets to serve 259,500 residents of 
predominately Caucasian neighborhoods, showing that location of supermarkets are 
associated with the racial makeup of neighborhoods.  
 Predominantly African American neighborhoods and low socioeconomic areas 
are under-served by chain supermarkets and have available high numbers of non-chain 
supermarkets and small grocery stores (Alwitt and Donley, 1997, Morland et al., 2002, 
Turrell et al, 2002, Moore and roux, 2006, Powell et al, 2007). Decreased availability of 
chain supermarkets was also found for Hispanic populations when compared to non-
Hispanic population in a study conducted by Powell et al (2007) using data from several 
zip codes across the United States. Powell et al (2007) also described Asian and Hispanic 
populations as having greater availability of small grocery stores due to their cultural 
preferences for specific food types that may be more abundantly available in independent 
supermarkets and grocery stores.  
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 Studies comparing food store availability in areas of populations with high and 
low income also associate a higher number of supermarkets/chain food stores for high-
income areas. Chung and Myers (1999a) observed that 89% of all chain grocery stores 
within the Minneapolis and St. Paul metropolitan areas were located in zip code areas 
that have less than 10% poverty rates; a finding that shows that only 11% or less of all 
chain grocery stores may be found in low socioeconomic status areas. Another study 
focused in 21 major metropolitan areas across the United States, reporting that there were 
30% fewer supermarkets in low-income areas than in high income areas (Cotterill and 
Franklin, 1995). 
 Overall, research has demonstrated that populations of low socioeconomic areas 
and some minority racial/ethnic groups are underserved by large chain supermarkets. 
Alternately, these populations have greater access to small grocery stores. It is believed 
that this different access to foods results in poorer quality diet and increased rates of 
chronic diseases for these populations (Baker, et al., 2006). However, it is not known 
whether or not different access to foods for certain populations results in poorer microbial 
quality and consequently, higher rates of foodborne illnesses.   
 
1.5.2 Transportation 
Some populations might experience limited access with respect to food acquisition. 
According to Pucher and Renne (2003), in the United States the rate of auto ownership 
rises with increasing household income. Morland et al. (2002) observed the distribution 
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of food stores and food service places by neighborhood wealth and racial segregation in 
Mississippi, North Carolina, Maryland and Minnesota, describing that fewer households 
in poor and African American neighborhoods had access to private transportation. 
Cotterill and Franklin (1995) examined census and grocery store information around 21 
major metropolitan areas across United States and concluded that low-income consumers 
were less likely to possess automobiles, further limiting their access to food purchase. 
Clifton (2004) interviewed members of 26 low-income households residing in the Austin, 
Texas area. Evidence from the study showed that public transportation and walking 
remain critical in providing the mobility needed to access food-shopping destinations for 
these families. The lack of private transportation and supermarkets in predominantly 
African American or poor areas suggest that their primary choice for food purchase might 
be from local small grocery stores, corner markets and non-chain supermarkets.  
 The limited access and ability to transport food for populations of low 
socioeconomic status and minority populations represent an area in the farm to fork 
continuum which differs from what high socioeconomic status individuals experience 
with respect to food acquisition. This difference remains unexplored relative to how it 
might affect risks these populations experience with respect to foodborne illness.  
 
1.6 Consumer food handling practices 
Researchers have looked at the consumer handling practices of individuals of different 
demographics to potentially explain differences in foodborne illness rates in different 
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populations. Patil et al (2005) combined findings from 20 studies using meta-analysis 
methods to estimate percentages of consumers engaging in risky behaviors, such as 
consumption of raw food, poor hygiene, and cross-contamination. They found that high 
income individuals reported greater consumption of raw food, less knowledge of hygiene, 
and poorer cross-contamination practices. Lando (2006) conducted a random digital 
telephone survey of a national representative sample of American consumers from 1988 
to 2006 to collect information about food handling behaviors, potentially risky food 
consumption and food safety knowledge. Lando (2006) reported that African-Americans 
are less likely than Caucasians to eat all potentially risky foods, except for raw clams, 
where they are the same as Caucasians. Additionally, the research showed that 
individuals with higher levels of education, which have a strong positive correlation with 
high income (Merkin et al, 2007, Younus et al, 2007), are more likely to eat raw clams, 
raw oysters, raw fish, raw sprouts and pink hamburger, besides of having unsafe hand 
and cutting board washing practices (Lando, 2006).  
 Redmond and Griffith (2003) reviewed several studies regarding domestic food 
handling practices, with the majority of the studies placed in the United Kingdom, 
Northern Ireland and in the United States. They reported that compared with women, 
men are less knowledgeable about food safety and have riskier hygiene and cooking 
practices. Li-Cohen and Bruhn (2002) found that women, lower-income households, 
people 65 years and older, and non-college graduates practice safer food handling 
methods than men, higher-income households, people younger than 65 years and post-
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college graduates. It has also been found that consumer knowledge of safe food handling 
practices does not correspond with reported use of the practices, which suggests that 
knowledge may be a poor indicator of actual behavior (McCarthy et al. 2005, Patil, et al., 
2005, Stein et al. 2010).  
 From these studies, it does not appear that any possible increase in foodborne 
illness in low socioeconomic or minority racial or ethnic populations can be explained 
away due to simply a lack of consumer knowledge as compared to higher socioeconomic 
or Caucasian status. 
 
1.7 Ready-to-eat foods at retail level 
According to the definition of the United States Department of Agriculture, ready-to-eat 
(RTE) foods refers to “food that is in a form that is edible without washing, cooking or 
heating by the consumer and that is reasonably expected to be consumed in that form”. 
Washed, cut fruits and vegetables are considered RTE foods. Foods presented for 
consumption for which further washing or cooking is not required and from which rinds, 
peels, husks, or shells are removed are also considered RTE (DBPR, 2002). 
 The category ready-to-eat can be considered as high risk foods because they do 
not require any heating or process prior to consumption. In addition, food workers may 
transmit pathogens to food from a contaminated surface, from another food, or from 
hands contaminated with organisms from their gastrointestinal tract (British Medical 
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Journal, 1990). Therefore, hand contact with ready-to-eat foods represents a potentially 
important mechanism by which pathogens may enter the food supply.  
 Gombas et al (2003) conducted a survey of L. monocytogenes in RTE foods 
from retail markets in two FoodNet sites over 14 to 23 months. In-store-packaged 
luncheon meats had higher frequencies of L. monocytogenes-positive samples than 
manufacturer-packaged products in Maryland (4.2% versus 0.19% for manufacturer-
packaged samples).  
 Inadequate refrigeration and/or sanitation that prepared RTE foods experience 
might create conditions under which any existing bacteria may flourish, especially if lack 
of proper handling practices occurs. Small corner markets in high poverty areas may be 
very limited in their resources available to train employees (Yapp and Fairman, 2006) in 
safe food handling and guarantee the safest food supply to consumers. Therefore, a better 
understanding is needed of whether or not differences exist in the sanitation and safe food 
handling practices of these facilities which are available to different demographic groups. 
 
1.8 Food quality/safety indicator tests 
1.8.1 Aerobic Plate Count 
The aerobic plate count (APC) or standard method count (SPC) is important in food 
microbiology as an indicator of the microbiological quality as well as a measure of 
sanitation used during handling of a food (Ray, 2004). APC determines counts of the 
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non-fastidious aerobic bacteria. In some foods, high APC may indicate poor quality. 
Higher bacterial numbers spoil the food faster and result in loss of quality. Food which 
appears normal may have high APC, indicating that the food is about to spoil.  
In fresh products, APC indicates the effectiveness of sanitary procedures used 
during processing and handling and before storage of the product. A high APC in food 
products that were given heat treatment such as pasteurized milk may indicate that both 
shelf life stability and safety is affected (Ray, 2004). 
Although APC is a fast and efficient method to test the microbiological quality of 
the food, the test has some limitations (Yousef and Carlstrom, 2003). Fermented foods 
(e.g. cheddar cheese) naturally contain a high microbial load, and in consequence APC 
cannot be used to evaluate their general microbiological quality. In addition, the plating 
medium does not support the growth of fastidious microorganisms, which result in an 
under representation of these microorganisms in the APC. Moreover, incubation 
conditions favor growth of mesophilic aerobic bacteria, and other categories such as strict 
anaerobes are ignored. 
Standards for quality indicator tests for the various foods available are very 
limited. In fact, milk is the only food included in the U.S. federal standards which state 
that the APC is not to exceed 2 x 10
4 
CFU/ml (CDFA, 2006). However, there is one study 
conducted in United Kingdom which suggests guidelines for ready-to-eat foods at the 
point of sale. There are different acceptance levels of APC for different food products. 
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For example, sliced cooked ham has a suggested level of < 10
6
 CFU/g as a satisfactory 
level, 10
6
 - <10
7
 as an acceptable level and ≥ 107 as unsatisfactory level (Gilbert, et al., 
2000). 
 
1.8.2 Coliforms 
The term coliform does not have taxonomic value. It represents a group of species from 
several bacterias namely, Escherichia, Enterobacter, Klebsiella, Citrobacter, and 
probably Aeromonas and Serratia (Feng, et al., 2001). The main reason for grouping 
them together is their many common characteristics. They are all gram-negative, 
nonsporeforming rods; many are motile, are facultative anaerobes resistant to many 
surface-active agents, and ferment lactose to produce acid and gas within 48h at 32 or 
35
o
C (Yousef and Carlstrom, 2003). Some species can grow at higher temperature 
(44.5
o
C), while others can grow at 4 to 5
o
C. All species are able to grow in foods except 
those that are at pH ≤ 4.0 and water activity ≤ 0.92, they are sensitive to low-heat 
treatments and are killed by pasteurization (Yousef and Carlstrom, 2003). 
Since coliforms are common inhabitants of the intestinal tract, their presence in 
food may indicate fecal contamination. In some plants foods, they are present in very 
high numbers because of contamination from soil. The specificity of coliforms as an 
indicator of fecal contamination for raw foods is reduced since large numbers of 
coliforms in the food may result from growth of small nonfecal inoculums. In contrast, in 
20 
 
heat-processed (pasteurized) food products, their presence is considered as an indicator of 
postheat-treatment contamination from improper sanitation. Therefore, in heat-processed 
foods, their presence, even in small numbers, is considered more as an indicator of 
improper sanitation than fecal contamination (Ray, 2004). 
Several selective media have been recommended to determine coliform numbers 
in food samples. The results are based on the ability of most coliforms to ferment lactose 
and produce gas (Ray, 2004). The most probable number (MPN) is the most common 
method based on a statistical, multi-step assay consisting of presumptive, confirmed and 
completed phases. In the assay, serial dilutions of a sample are inoculated into broth 
media. The number of gas positive tubes is recorded for all assays performed and then the 
number of organisms present is estimated using combinations of positive results and a 
statistical table provided by the FDA (Appendix 2). The presumptive and confirmative 
tests are performed to estimate coliforms and fecal coliforms, while the last step is the E. 
coli analysis. The 3-tube MPN test is used for testing most foods (Feng et al, 2001).  
Even with some disadvantages, coliforms are probably the most useful and most 
used indicators of food quality (Splittstoesser, 1993, Tompkin, 1983, Reinbold, 1983, 
Matches and Abeyta, 1983). 
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1.8.3 Fecal coliforms 
One of the earliest efforts to limit the assay to enumerate coliforms to those coliforms 
related to feces was carried out by Eijkman in 1904. He used gas production from glucose 
at an elevated incubation temperature to detect coliforms associated with fecal pollution. 
Modifications of his medium by others has led to the one used today to detect those 
coliforms labeled as fecal coliforms (Hoadley and Dutka, 1977). 
 Fecal coliform bacteria constitute a group of bacteria and include those 
coliforms whose specificity as fecal contaminants is much higher than that of coliforms. 
This group includes mostly E. coli, along with some Klebsiella and Enterobacter spp. 
The improved specificity of the fecal coliform index compared to that of the coliform 
index led to its acceptance and widespread use (Hoadley and Dutka, 1977). 
 Like other coliforms, fecal coliforms are present in raw foods of animal origin 
and in plant foods from contaminated soil and water. High numbers can be due to either 
gross contamination or growth from a low initial level, probably because of storage at 
abusive temperature. Their presence in heat-processed and ready-to-eat foods is probably 
because of improper sanitation after heat treatment and may indicate possible fecal 
contamination and presence of enteric pathogens (Ray, 2004).  
 Fecal coliforms are detected by using a high incubation temperature (44.5 ± 
0.2ºC or 45.0 ± 0.2ºC) for 24 h in selective broths containing lactose. Lactose 
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fermentation, with the production of gas, is considered a presumptive positive test 
(Hitchins, et al, 1992). 
 
1.8.4 Escherichia coli 
In contrast to either coliforms or fecal coliforms, E. coli has a taxonomic basis (Hitchins, 
et al., 1992). E. coli is a member of the family Enterobacteriaceae (Ewing, 1986), which 
consists of many genera, including known pathogens such as Salmonella, Shigella, and 
Yersinia. Although most strains of E. coli are not regarded as pathogens, some can be 
opportunistic pathogens that cause infections in immuno-compromised hosts (Gassama, 
et al., 2001). In addition, there are pathogenic strains of E. coli that when ingested, cause 
gastrointestinal illness in healthy humans (e.g., E. coli O157:H7). Most pathogenic strains 
are grouped under the following virotypes: enteropathogenic, enterotoxigenic, 
enteroinvasive, enteroaggregative, and enterohemorrhagic (Ray, 2004).  
E. coli was first identified in the intestinal flora of infants by the German 
pediatrician Theodore Escherich (Escherich, 1885, Bettelheim, 1986), which originally 
called it as Bacterium coli commune. E. coli is a gram-negative, motile, nonsporulating, 
rod-shaped, facultative anaerobic bacterium, present in the lower intestinal tract of 
humans and warm-blooded animals and birds (Ray, 2004) and is the predominant 
facultative anaerobe in the bowel and part of the essential intestinal flora that maintains 
the physiology of the healthy host (Conway, 1995).  
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In 1892, Shardinger proposed the use of E. coli as an indicator of fecal 
contamination. This was based on the idea that E. coli is abundant in human and animal 
feces and not usually found in other niches. Furthermore, since E. coli could be easily 
detected by its ability to ferment glucose (later changed to lactose), it was easier to isolate 
than known gastrointestinal pathogens. Hence, the presence of E. coli in food or water 
became accepted as indicative of fecal contamination and the possible presence of 
opportunistic pathogens, implications of which are poor quality of food and poor hygiene 
practices. The presence of high levels of indicator organisms may also indicate that the 
food product contain bacterial and viral pathogens.  
The presence of E. coli in raw foods is considered an indication of direct or 
indirect fecal contamination. Indirect contamination can occur through sewage and 
polluted water. Direct fecal contamination occurs during the processing of raw foods of 
animal origin and because of poor personal hygiene of food handlers. In heat-processed 
and ready-to-eat foods its presence is a concern. Its value as an indicator of fecal 
contamination and the possible presence of enteric pathogens is much greater than that of 
coliform and fecal coliforms groups.  
Like other coliforms, E. coli can be detected using the MPN method. They are 
differentiated from other coliforms by indole production from tryptone, methyl red 
reduction due to acid production (red coloration), Voges Proskauer reaction (production 
of acetyl-methyl carbinol from glucose) and citrate utilization as a carbon source (IMVic) 
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reaction patterns (Ray, 2004). E. coli biotype I and biotype II give IMVic reaction 
patterns of  „++ - -„ and „- + - -„, respectively. The IMVic tests are conducted with an 
isolate obtained after testing a food sample for coliform group or fecal coliform group 
(Ray, 2004). 
E. coli was established as a foodborne pathogen in 1971 when imported cheeses 
turned up in 14 American states that were contaminated with an enteroinvasive strain that 
caused illness in nearly 400 individuals (Marier, et al., 1973). The infective doses for E. 
coli vary from 10
4
 to 10
8
 cells, however limited epidemiological data indicate that the 
number of organisms required to cause infection may be much lower (Kothary, et al., 
2001). 
 
1.8.5 Staphylococcus aureus 
Staphylococcus aureus is a gram-positive cocci, occur generally in bunches, and are 
nonmotile, noncapsular and nonsporulating (Tatini, 1973, Garvani, 1987). S. aureus are 
facultative anaerobes, but grow rapidly under aerobic conditions. Most strains ferment 
mannitol and produce coagulase. They are mesophiles with a growth temperature range 
of 7 to 48ºC, with fairly optimal growth between 20 and 37ºC. They can grow at 
relatively low water activity (0.86), low pH (4.8), and high salt and sugar concentrations 
up to 15%. Because of their ability to grow under several conditions, S. aureus can grow 
in many foods (Ray, 2004). 
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Enterotoxin-producing S. aureus strains have generally been associated with 
staphylococcal food intoxication. Although strains of several other Staphylococcus 
species are known to be enterotoxin producers, their involvement in food poisoning is not 
fully known. Staphylococcus intermedius is the only non-S. aureus species that has been 
clearly involved in a staphylococcal food poisoning outbreak (Khambaty et al., 1994).  
S. aureus, along with many other staphylococci, are naturally present in the nose, 
throat, skin, and hair of health humans, animals, and feather of birds. S. aureus can be 
present in infections, such as cuts in skin and abscesses in humans, animals and birds, and 
cuts in hands and facial erupted acne in humans. Food contamination generally occurs 
from these sources (Tatini, 1973, Smith et al, 1983, Garvani, 1987). 
It is estimated that in the United States staphylococcus food poisoning causes 
approximately 185,000 illnesses every year, the fifth highest number of estimated cases 
among 19 known bacterial foodborne pathogens from a study conducted by Mead et al 
(1999). In all cases of staphylococcal food poisoning, the food or one of the ingredients, 
was contaminated with an enterotoxin producing S. aureus strain and was exposed, at 
least for a while, to temperatures of storage that allow S. aureus growth, probably due to 
refrigeration problems (Loir et al, 2003). Many different foods can provide nutrients that 
allow growth of S. aureus, and have been implicated in staphylococcal food poisoning, 
including milk, ham, cheeses, salads, cooked meals and sandwich fillings (Olsen, 2000, 
Loir et al, 2003). In most of the cases, the main sources of contamination are improper 
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handling of food by contaminated hands from humans or when they cough or sneeze, and 
contamination occurs after heat treatment of the food (Loir et al, 2003). 
Staphylococcal toxins are enteric toxins that cause gastroenteritis (Tatini, 1973, 
Halpin-Dohnalek and Marth, 1989). A healthy adult has to consume ca. 30 g or ml of a 
food containing 100 to 200 ng toxins produced by 10
6-7 
cells/g or /ml. Infants and old and 
sick individuals need lesser amounts (Ray, 2004). The symptoms of staphylococcal food 
poisoning are abdominal cramps, salivation, nausea and vomiting, sometimes followed 
by diarrhea (Loir et al, 2003, Ray, 2004). The onset of symptoms is rapid varying from 
30 min to 8 hours and it last for less than 24 h (Loir et al, 2003). 
 
1.8.6 Listeria monocytogenes 
The genus Listeria contains several species, of which Listeria monocytogenes is 
considered to be pathogenic. L. monocytogenes is a gram-positive, psychrotrophic, 
facultative anaerobic, non-sporulating, motile, small rod. It grows between 1 and 44ºC, 
with optimum growth at 35 to 37 ºC. At 7 to 10 ºC, it multiplies relatively rapidly. It 
ferments glucose without producing gas (Ray, 2004). 
It can grow in many foods and environments. L. monocytogenes is isolated from 
many environmental samples, such as soil, sewage, water, and dead vegetation. A large 
proportion of uncooked meat, milk, egg, seafoods and fish, as well as leafy vegetables 
contain this pathogen (Ray, 2004). L. monocytogenes is isolated in high frequency from 
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different places of food processing and storage areas (Kabuki, et al, 2004, Miettinen et al, 
1999, Samelis and Metaxopoulos, 1999). 
Its ability to grow in many foods at refrigerated temperature helps the organism to 
reach from a low initial level to an infective dose level during storage of refrigerated 
foods that originally had the pathogen and those that were post-heat contaminated. The 
increase in consumption of many types of ready-to-eat foods stored for long periods of 
time, and consumption of foods without properly reheating, has increased the likelihood 
for the pathogen to cause the disease. Any temperature abuse, even for a short time, can 
accelerate the growth rate of this microorganism (Ray, 2004). Surveillance and 
monitoring activities of the Food and Drug Administration and the USDA have indicated 
that as much as 5% of some ready-to-eat foods, such as prepared deli-style salads and 
sliced luncheon meats, contains L. monocytogenes (Hitchins, 1996, Levine et al., 2001).  
In the United States, the current “zero-tolerance” policy for L .monocytogenes in 
RTE meats defines the food product as “adulterated” and illegal to sell if any L. 
monocytogenes in either of two 25g samples of a food is detected (FDA, 1992). This 
policy was created by the U.S. Food and Drug Administration (FDA) and the U.S. 
Department of Agriculture (USDA) Food Safety and Inspection Service (FSIS) due to 
several large outbreaks in the early 1980s. 
It is estimated that in the United States there are approximately 2,500 cases of 
foodborne disease every year (Mead et al., 1999). Although the incidence seems to be 
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low as compared to other foodborne pathogens, it is highly fatal (30 to 40%) to fetuses, 
newborns, infants, the elderly, pregnant women, and immunocompromised people (Ray, 
2004). People with normal health, following ingestion of a food contaminated with L. 
monocytogenes, may or may not produce symptoms.  
The most commonly used L. monocytogenes detection methods involve 
preenrichment and enrichment steps in recommended broths and streaking on specific 
selective-differential agar media plates. Suspected colonies are then tested for 
biochemical and serological profiles. 
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CHAPTER 2. STATEMENT OF THE PROBLEM AND RESEARCH 
OBJECTIVES 
 
2.1 Statement of the problem 
There is evidence in the literature of differences in the incidence of foodborne illnesses 
among populations of different demographics (Bytzer et al, 2001, Beletschachew et al., 
2004, Lay et al, 2002a, Marcus et al., 2002), as well as to the differential retail access to 
food of these populations (Clifton, 2004, Morland et al., 2002, Powell et al., 2007). 
Whether there is a difference in the microbiological quality and safety of ready-to-eat 
products at the retail level available to populations of different demographics which 
might contribute to different incidences of foodborne illnesses, however, has never been 
examined. 
 This study focused on the safety of refrigerated prepared RTE foods from retail 
food store outlets located in census tracts that have very well represented populations in 
Philadelphia, PA: Caucasian, African American, Hispanic, Asian, low and high 
socioeconomic areas. The category RTE can be considered as high risk foods because 
they do not require any heating or process prior to consumption. Inadequate refrigeration 
and/or sanitation that RTE foods experience might create conditions under which any 
existing bacteria may flourish, especially if lack of proper handling practices occurs. 
During a five year period (1998-2002) 6,647 outbreaks of foodborne disease were 
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reported to CDC and more than half of them reported contributing factors (Lynch, et al., 
2006). The most commonly reported practice that contributed to foodborne disease was 
bare-handed contact by handler/worker/preparer (Lynch, et al., 2006). From 1988 to 1992 
CDC reported improper holding temperatures of foods and poor personal hygiene of food 
workers as the two most common practices, reported in 59% and 36% of outbreaks, 
respectively. The delicatessen was one of the most common places where contaminated 
food was reportedly eaten during 1992 (Bean, et al., 1996). Demographic characteristics 
were not included in the study. 
 Grocery stores and corner markets in low socioeconomic and minority 
racial/ethnic areas may have insufficient workforce training, and may lack resources 
needed for best sanitation practices and education on food safety (Yapp and Fairman, 
2006). Additionally, older buildings inner-city may have poor infrastructure (Pothukuchi 
et al, 2008), and the condition of the machinery and refrigerators in these areas may cause 
inadequate refrigeration temperatures, allowing the growth of bacteria in food products 
stored at abusive temperatures. Food products contaminated with pathogens not safely 
handled during preparation such that they cause cross-contamination may lead to 
foodborne illness/gastrointestinal illness resulting from infection upon consumption. 
Additionally, food contamination can arise from the improper handling of food at the 
stores. Whether stores from different demographics differ in terms of food handling, 
reflected in microbiological counts, is not documented. Since this can potentially affect 
the safety of food, it is important to understand whether such difference exists. 
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 In summary, whether there is a difference in microbiological quality and safety 
of ready-to-eat foods in stores located in areas with populations of different 
demographics has not yet been studied. This study investigated whether such differences 
exist. Understanding the quality and potential safety of foods available in areas with 
populations of different demographics has regulatory and social implications. It may 
indicate that some populations are exposed to poorer microbiological quality/safety in 
foods provided in those areas. These findings could be essential to identify one critical 
control point in the farm to fork continuum that may lead to different rates of illnesses for 
certain populations.  
 
2.2 Objectives and Hypotheses 
2.2.1 Objectives 
The overall objective of this study was to compare the microbial quality of ready-to-eat 
foods from retail stores available to populations of different demographics. In order to 
determine if differences occur, commonly available ready-to-eat foods collected from 
retail stores were tested for temperature and indicators of sanitation/safety and compared 
across the different populations. In order to compare the quality of RTE foods available 
at retail stores between African American, Asian, Caucasian, Hispanic, low and high SES 
populations, the following tests were conducted: 
- Temperature of in-store storage of milk and eggs was measured; 
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- Milk was tested for aerobic plate count (APC) levels; 
- RTE lunchmeat, sandwiches, fruits, greens and herbs were tested for aerobic plate 
count, total and fecal coliforms, E. coli and S. aureus; 
- RTE lunchmeat and sandwiches were also tested for Listeria monocytogenes.   
Microbiological analyses along with statistical analysis were used to determine 
whether microbial quality of RTE foods from retail stores available to populations of 
different demographics differ between one another. Based on our objectives, hypotheses 
were formulated as described below.  
 
2.2.2 Hypotheses 
The stated hypotheses were as follows: 
1. The temperature of storage of eggs and milk will be higher in stores located in 
low SES and minority racial/ethnic areas compared to stores of high SES and 
Caucasian areas. 
2. The aerobic plate count (APC) in RTE lunchmeat, sandwiches, fruits, greens, 
herbs and milk will be higher in stores located in low SES and minority 
racial/ethnic areas compared to stores in high SES and Caucasian census tracts. 
3. Counts of indicator organisms (total coliform and fecal coliforms) will be higher 
in RTE lunchmeat, sandwiches, fruits, greens and herbs in stores located in low 
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SES and minority racial/ethnic areas compared to stores in high SES and 
Caucasian census tracts. 
4. The percentage of RTE lunchmeat, sandwiches, fruits, greens and herbs 
contaminated with E. coli will be higher in stores located in low SES and minority 
racial/ethnic areas compared to stores in high SES and Caucasian census tracts. 
5. The percentage of RTE lunchmeat, sandwiches, fruits, greens and herbs 
contaminated with S. aureus will be higher in stores located in low SES and 
minority racial/ethnic areas compared to stores in high SES and Caucasian census 
tracts. 
6. The percentage of RTE lunchmeat and sandwiches contaminated with Listeria 
monocytogenes will be higher in stores located in low SES and minority 
racial/ethnic areas compared to stores in high SES and Caucasian census tracts. 
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CHAPTER 3: MATERIALS AND METHODS 
 
3.1 Identification of Census Tracts 
This study was performed in the city of Philadelphia, Pennsylvania. Data available from 
the U.S. Census Bureau (U.S. Census Bureau, 2000) was used to identify census tracts of 
six categories that fit our definition for the different population demographics. The six 
categories were as follows: 1) high SES 2) low SES 3) Caucasian 4) African American 5) 
Asian and 6) Hispanic. Other race/ethnic groups (i.e. American Indian, Alaska Native, 
Native Hawaiian, other Pacific islanders) were not examined in this analysis because 
these demographics are not well represented in Philadelphia.  
The US Census Bureau is in accordance with the Office of Management and 
Budgets (OMB, 1977) on the definition of race and ethnicity. The racial and ethnic 
categories for Federal statistics are defined as follows (OMB, 1977):   
- Asian: “a person having origins in any of the original peoples of the Far East, 
Southeast Asia, the Indian subcontinent, or the Pacific Islands. This area includes, 
for example, China, India, Japan, Korea, the Philippine Islands, and Samoa”.  
- African American: “a person having origins in any of the black racial groups of 
Africa”. 
- Hispanic: “a person of Mexican, Puerto Rican, Cuban, Central or South American 
or other Spanish culture or origin, regardless of race”. 
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- Caucasian: “a person having origins in any of the original peoples of Europe, 
North Africa, or the Middle East”. 
Only census tracts within the city of Philadelphia which contained 1000 
individuals or more were included in this study. For each racial and ethnic group, 10 
census tracts which represented the highest percentage of that specific population were 
selected (Figure 1).  
 
 
 
Figure 1. Census tracts identified in Philadelphia County.  
Tracts with more than one category identified in the  
same area are also demonstrated in the map (SES = socioeconomic status). 
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 Census tracts of low and high SES were selected according to the percentage of 
the population above or below poverty level. The poverty threshold is determined by the 
U.S. Census Bureau (Appendix C). The Census Bureau uses a set of income thresholds 
that vary by family size and composition to determine who is in poverty. If a family‟s 
total income is less than the family‟s threshold, then that family and every individual in it 
is considered in poverty (U.S. Census Bureau, 2009). 
Ten (10) low SES tracts were selected in areas where the greatest percentage of 
the population was below poverty level (ranging from 48.6% to 62.7%) (Table 1). Five of 
the low SES tracts identified also exhibited a high Hispanic population and 1 of them 
exhibited a high Asian population. The overlapping of tract categories was noted. 
Twenty two (22) high SES tracts were selected where the highest percentage of 
the population was above poverty level (ranging from 90.7% to 98.6%) (Table 2). More 
than 10 tracts were selected for a high SES category because of the low number of retail 
food outlets located on each tract. One of the high SES tracts identified also exhibited a 
high Caucasian population. The overlapping of these two tract categories was noted. 
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Table 1. Census tracts representing low socioeconomic status populations. 
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% of 
population 
below 
poverty 
level 
Median 
household 
income 
(U$)* 
# of 
stores 
visited 
Low 
socioeconomic 
status (LSES) 
 
132.00 
 
None 
 
2190 
 
48.66 14,375 
 
3 
139.00 None 2846 51.26 12,703 4 
164.00 None 5086 53.96 12,314 6 
178.00 None 6340 54.31 14,793 4 
2.00 Asian 1355 56.42 8,349 5 
156.00 Hispanic 1989 52.24 14,524 3 
162.00 Hispanic 2442 60.72 13,833 3 
175.00 Hispanic 7452 58.96 14,294 4 
176.01 Hispanic 5863 62.67 11,909 3 
177.00 Hispanic 9159 53.76 15,687 5 
 
Total  40 
*Annual dollar amount.  
 
 
 
Ten tracts were identified for each of the following race/ethnicity categories: 
Asian (ranging from 17.8% to 72.7%, Table 3), African American (ranging from 96% to 
98.8%, Table 4), Caucasian (ranging from 95.1% to 98.4%, Table 5) and Hispanic 
(ranging from 54.6% to 89.1%, Table 6). In the case of Asian populations, there was only 
one census tract which was higher than 50% Asian population, and so this study included 
additional census tracts in Philadelphia which had an Asian population of 17% to 30% 
(Table 3). In addition, two Asian tracts had no retail food stores available in those areas. 
Consequently table 3 has listed 8 Asian tracts instead of the 10 selected initially.   
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Any population which overlapped the area with the mentioned category was 
noted. 
 
 
Table 2. Census tracts representing high socioeconomic status populations.  
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% of 
population 
above 
poverty 
level 
Median 
household 
income 
(U$)* 
# of 
stores 
visited 
High 
socioeconomic 
status (HSES) 
 
10.00 
 
None 
 
5808 
 
93.63 72,625 
 
3 
210.00 None 4994 94.33 41,191 2 
217.00 None 5968 95.46 48,448 1 
219.00 None 1198 94.66 58,795 1 
220.00 None 1574 95.66 47,404 1 
347.02 None 4052 94.48 43,224 1 
236.00 None 2592 98.59 65,060 2 
256.00 None 2975 93.17 58,542 1 
257.00 None 3343 96.26 46,768 1 
260.00 None 3050 93.34 45,764 1 
306.00 None 6911 93.79 36,729 4 
316.00 None 5452 94.83 41,036 4 
335.00 None 3453 93.18 41,228 1 
344.00 None 7291 96.42 59,171 2 
347.01 None 6083 93.25 42,064 2 
353.02 None 4479 95.33 42,866 2 
358.00 None 5951 96.50 54,449 2 
359.00 None 5453 90.70 43,582 1 
362.03 None 5279 97.63 51,250 2 
363.01 None 3866 92.73 60,160 1 
315.00 Caucasian 9455 94.19 37,838 4 
332.00 None 2542 95.75 46,063 1 
 
Total  40 
*Annual dollar amount. 
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Table 3. Census tracts representing Asian populations. 
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% Asian 
population 
# of stores 
visited 
Asian (ASI) 
 
2.00 
 
LSES 
 
1355 
 
72.69 
 
5 
23.00 None 2644 23.71 4 
28.00 None 9255 24.26 5 
30.00 None 8160 29.64 5 
41.01 None 5737 21.25 7 
87.00 None 6733 17.93 5 
274.00 None 10479 17.78 5 
291.00 None 4371 24.98 4 
 
Total 40 
 
 
 
 
Table 4. Census tracts representing African American populations. 
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% African 
American 
population 
# of 
stores 
visited 
African 
American 
(AFA) 
 
31.00 
 
None 
 
5161 
 
97.44 
 
4 
70.00 None 4622 97.81 4 
84.00 None 4798 97.17 4 
93.00 None 4609 98.11 5 
95.00 None 3588 97.71 4 
107.00 None 3671 96.00 4 
113.00 None 3132 98.50 4 
151.00 None 8018 98.50 4 
152.00 None 5167 98.82 3 
172.00 None 8643 97.95 4 
 
Total 40 
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Table 5. Census tracts representing Caucasian populations. 
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% Caucasian 
population 
# of 
stores 
visited 
Caucasian 
(CAU) 
 
39.02 
 
None 
 
5630 
 
97.07 
 
4 
40.02 None 5024 98.41 6 
45.00 None 3049 95.15 3 
158.00 None 5854 95.39 6 
180.00 None 8005 95.93 7 
183.00 None 4027 97.69 3 
320.00 None 6199 95.08 3 
331.00 None 8896 95.77 3 
363.03 None 7123 96.31 1 
315.00 HSES 9455 96.26 4 
 
Total 40 
 
 
 
Table 6. Census tracts representing Hispanic populations. 
Category 
Census 
tract # 
Category 
overlapping 
Total 
population 
% Hispanic 
population 
# of 
stores 
visited 
Hispanic 
(HIS) 
 
163.00 
 
None 
 
3776 
 
77.01 
 
4 
195.00 None 8642 78.71 5 
197.00 None 7139 57.74 5 
198.00 None 6239 54.61 4 
287.00 None 2643 63.39 4 
162.00 LSES 2442 75.35 3 
156.00 LSES 1989 72.55 3 
175.00 LSES 7452 65.37 4 
176.01 LSES 5863 89.08 3 
177.00 LSES 9159 55.10 5 
 
Total 40 
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3.2 Selection of food store outlets 
Data on retail food store outlets was obtained from two databases 1) a business list 
developed by Dun and Bradstreet, which provides information on the location of food 
store outlets by type (supermarkets, grocery and convenience stores) and by supermarket 
type (chain versus non-chain) 2) data available online from the Philadelphia Department 
of Health, which provides a list of food store outlets and food services inspected for 
safety violations by region from July 2005 to August 2008 (Philadelphia Department of 
Health, 2008). In this database the establishment location by address is provided, as well 
as the food outlet category and a description of the results of health violations by 
inspection.  
Food store outlets from the Philadelphia Department of Health database are 
classified by inspectors. Dun and Bradstreet database classify each food outlet according 
to the categories described by the North American Industry Classification System 
(NAICS). Categories for food store outlets are defined as follows (NAICS, 2002): 
 
- Supermarkets and grocery stores (except convenience stores): “this industry 
comprises establishments generally known as supermarkets and grocery stores 
primarily engaged in retailing a general line of food, such as canned and frozen 
foods, fresh fruits and vegetables, and fresh and prepared meats, fish or poultry”. 
However, grocery stores are typically smaller in size than supermarkets, and may 
offer a limited variety of items (Liese et al, 2007). 
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- Convenience stores: “this industry comprises establishments known as 
convenience stores or food marts (except those with fuel pumps) primarily 
engaged in retailing a limited line of goods that generally includes milk, bread, 
sodas, and snacks”. 
 
Grocery stores, supermarkets (chain/non-chain) that were located in the identified 
census tracts for this study were randomly selected for sampling in each tract of the low 
and high SES, as well as Caucasian and minority neighborhoods. Convenience stores 
were also included in high SES areas because of the limited number of food store outlets 
available for populations of this demographic. Food service establishments such as 
restaurants, take-out restaurants and fast foods were excluded from this study. 
 Both databases used in this study presented some food store outlets incorrectly 
classified as supermarkets, grocery stores, corner markets or convenience stores. Also, 
for this reason, restaurants, fast food outlets and other institutions may have been 
included in the sampling list. Our best judgment was used to exclude food stores which 
categories were not correct for our sampling purposes. This exclusion was done when we 
were visiting or driving by the store. If the food store was an incorrect category for study 
purposes, that food store was excluded from our sampling list and the next random 
generated store was visited.   
 A total of 40 food retail establishments were sampled per census tract category, 
accounting for a total of 240 stores. Our best effort was made to obtain a uniform number 
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of retail food stores visited for each tract within the same category, however some 
numbers differed because of the availability of these stores. 
 Tables 1-6 show the number of stores visited in each tract for every category in 
this study. 
 Samples from retail stores were collected on Mondays throughout the 15 months 
of data collection (June 2008 – August 2009). A list of stores to be sampled was 
generated each week. An equal number of sampled retail food stores per tract category 
was maintained during the entire data collection period. At least four retail stores, each 
one from a different census tract category, were visited every sampling day. Each store 
was visited once.  
 A ground-truthing method was used to confirm if the retail store category was 
appropriate to our research purposes and matched the classification from the databases 
used and also to identify the stores that were out of business. Ground truth is a method 
where the determination of facts is confirmed in an actual field check.  
 
3.3 Food selection 
The prepared refrigerated ready-to-eat foods sampled were sliced lunchmeats, 
sandwiches, fresh cut fruits, RTE greens, fresh packaged herbs and milk. All samples 
were collected in duplicate, with the exception of lunchmeat and milk (Table 7). Eggs 
were purchased for temperature testing only. Lunchmeat, sandwiches, fruits, greens, 
herbs, milk and eggs were collected as described below. 
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3.3.1 Lunchmeat 
One-half pound of regular ham sliced at the time of purchase was purchased. If regular 
ham was not available, the secondary choice was regular white turkey breast. Smoked 
lunchmeat was not purchased since smoke flavor can serve as a hurdle for the survival of 
any contamination (Milly et al, 2005; Milly et al, 2008) that can occur caused by 
improper handling.  
 
 3.3.2 RTE sandwiches 
Turkey sandwiches containing lettuce, tomatoes, onions and mayonnaise ordered and 
prepared in the store at the time of purchase were sampled in duplicate. If turkey was not 
available, a similar replacement was chosen to keep the samples consistent. Some stores 
did not prepare sandwiches at the time of the purchase, in which case prepackaged 
sandwiches were collected only when there was information on the package or from the 
vendor that the sandwiches were prepared in the store. 
 
3.3.3 Fresh cut fruits 
Fresh cut fruits prepared in store were purchased in duplicate. The first and second 
choices for selection were, respectively, watermelons and melons because these products 
have been linked to foodborne outbreaks in the United States, Mexico and Canada (Deeks 
et al, 1998, CDC 2007, Blostein, 1991). Fruit mix containing sliced pineapple was not 
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purchased because pineapple is an acid fruit and consequently any contamination caused 
by mishandling could be minimized due to the low pH. 
 
3.3.4 Greens 
Salads consisting of fresh greens prepared in store were purchased in duplicate. The first 
choice for purchase was any salad containing sliced lettuce. When it was not available, 
any other type of RTE greens that was sliced and packaged in store was collected (i.e. 
spinach, spring mix). 
 
3.3.5 Herbs 
Two packages or more of in store fresh packaged herbs were collected when available. 
Fresh herbs such as basil, parsley and cilantro have been associated to foodborne 
outbreaks in the United States, as well as other countries (Campbell, Mohle-Boetani et al. 
2001; Naimi, Wicklund et al. 2003; Pezzoli, Elson et al. 2008).  Dried herbs were 
specifically excluded from the study. 
 
3.3.6 Milk 
One sample of one-half gallon of 2% reduced fat milk or whole milk (where 2% is not 
available) was collected.  
 
3.3.7 Milk and eggs to monitor temperature 
One carton of eggs and half gallon of 2% reduced fat milk or whole milk were collected 
to have their temperature tested as an indicator of refrigeration storage temperature on 
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each store. These items were the last foods sampled before leaving the store. The items 
were carried to the rental car and temperature was measured immediately.  
 
3.4 Microbial analysis 
All food samples were purchased in the store and transported to the laboratory in coolers 
filled with ice. The food samples were kept at 4ºC and tested within 24 hrs. 
 Lunchmeats, RTE sandwiches, fresh cut fruits, RTE greens and fresh packaged 
herbs were tested for Aerobic Plate Count (APC), total coliforms, fecal coliforms, E. coli 
and S. aureus. Additionally, lunchmeats and sandwiches were tested for the 
presence/absence of L. monocytogenes. Milk samples were tested only for APC, used 
here as an indication of exposure of the product to abusive temperatures for an extended 
time. Eggs were only tested for temperature as described in 3.3.7, above. 
 Table 7 shows the range of products tested, the number of subsamples obtained 
from every store and microbiological quality and safety tests carried out. 
The total number of samples, including duplicates, collected from all tract 
categories was 1205 (Table 8). The total number of microbial laboratory analyses 
conducted was 4745 tests. 
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Table 7. Ready-to-eat food products tested. 
Product 
# of subsamples 
obtained 
Microbiological Quality 
indicator tests 
Microbiological 
Pathogen tests 
Lunchmeat 1 (1/2 pound) 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
L. monocytogenes 
RTE 
sandwiches 
2 of the same 
product 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
L. monocytogenes 
Fresh cut 
fruits 
2 of the same 
product 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
 
RTE greens 
2 of the same 
product 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
 
Fresh herbs 
2 of the same 
product 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
 
 
Milk 
 
1 (1/2 gallon) Aerobic Plate Count N/A 
 
Eggs 
 
1 carton None N/A 
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Table 8. Total number of samples collected. 
Product 
Tract category 
ASI AFA CAU HIS HSES LSES Total 
Lunchmeat 25 37 37 38 35 31 203 
Sandwiches* 42 72 76 66 74 62 392 
Fresh cut fruits* 17 6 12 10 43 13 101 
RTE greens* 14 2 6 4 32 5 63 
Fresh herbs* 17 3 2 2 4 2 30 
Milk 25 33 37 40 37 33 205 
Eggs 33 36 30 37 38 37 211 
Total 173 189 200 197 263 183 1205 
*products purchased in duplicate 
 
 
 
3.4.1 Procedure 
3.4.1.1 Sample testing 
Methods described in the Food and Drug Administration Bacteriological Analytical 
Manual (FDA, 2001) were used to enumerate the levels of Aerobic Plate Count, 
Coliforms, Fecal coliforms, Escherichia coli and Staphylococcus aureus and detect the 
presence/absence of Listeria monocytogenes.  
 Except where noted all microbiological media used in this study were purchased 
from VWR International (West Chester, PA). Positive controls were purchased from 
American Type Culture Collection (ATCC; Manassas, VA). 
 
3.4.1.2 Food preparation/homogenization 
All food samples were kept refrigerated at 4ºC until the time of laboratory testing. 
Samples were then weighed aseptically under a laminar-flow hood (Labconco, Kansas 
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City, MI) by opening the bag/wrap the sample was contained in and using sterilized 
knives and forceps and gloved hands. Following weighing 25 g of each sample in sterile 
stomacher bags (Standard bags 80-400ml; Seward, Norfolk, UK), information from each 
product was recorded and a sample number was assigned. Information obtained included 
store number from which the product was obtained, type of product, ingredients and 
expiration date when available. The weighed samples in sterile stomacher bags were then 
prepared as follows: for all methods cited above except for the detection of L. 
monocytogenes, the food samples were prepared by adding 225 ml of buffered peptone 
water to 25 g of food sample in stomacher bags (10
-1
 dilution) and stomached for 2 
minutes at 260 rpm in a Stomacher
®
 400 (Seward, Norfolk, UK). Detection of L. 
monocytogenes follows an enrichment procedure, which will be described later. 
 
3.4.1.3 Sampling procedure 
To ensure that sampling was performed aseptically, it was done under a laminar-flow 
hood. The food product did not touch any surface that was not sterilized.  
 
3.4.1.3.1 Lunchmeat/sandwiches 
The wrapping paper and/or plastic was removed from each lunchmeat or sandwich 
sample.  Using a sterile knife and forceps the product was cut in horizontal and vertical 
lines, in order to obtain square pieces. Random square pieces from the product were 
selected from the middle and both edges with the purpose of weighing 25 g of the 
sample. For lunchmeat, square pieces from the food product were selected from the top, 
50 
 
middle and bottom slices. All ingredients from the sandwich were included in the 
sampling, however a minimum amount of bread was selected (ca. 2 g).  
 
3.4.1.3.2 Fresh cut fruits 
The plastic lid or the plastic wrap was removed aseptically. Using a sterile knife and 
forceps a sample (25 g) was obtained along the surface of the fruit pieces (ca. 3mm deep).  
 
3.4.1.3.3 Greens 
The lid from the greens package was removed aseptically. Using sterile forceps and 
knives 25 g were weighed. The 25 g consisted of greens located at the bottom of the 
container, top, middle, right and left side. All ingredients of the container were included 
in the sampling.  
 
3.4.1.3.4 Herbs 
The plastic wrap was removed aseptically. Using a sterile knife and forceps a sample (25 
g) was obtained from random parts of the product (predominantly from the top, bottom, 
middle and extremities of the package). Frequently more than one package of fresh herbs 
was used to obtain 25 g of the sample.  
 
3.4.1.3.5 Milk 
Each milk container was shaken thoroughly. Ten (10) ml of the milk was obtained 
aseptically from the center of the bottle using a sterile glass pipette and then transferred 
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to sterilized test tubes (16 x 150 mm).  The test tubes were kept in the refrigerator (4ºC) 
until the time of testing. One (1) ml of the milk was used to prepare serial dilutions. 
 
3.4.1.4 Methods 
3.4.1.4.1 Temperature 
The temperature of eggs was measured using a pocket test thermometer (VWR, West 
Chester, PA). The tip of the thermometer was inserted into the egg and the temperature 
was recorded when the needle was steady (approximately 30 seconds to 1 minute). The 
temperature of milk was measured using a reversible temperature label (32-54°F; Tip 
Temp, Burlington, NJ). The label was attached to the milk container surface and the 
container was shaken for 10 seconds. The temperature shown on the label was recorded.  
 
3.4.1.4.2 pH determination 
For pH analysis, 20 g from each food sample and 20 ml of distilled water were added in 
stomacher bags (14 x 22.8 cm) and stomached for 30 seconds at 260 rpm. The food 
homogenate was transferred to a clean beaker and a pH meter (Denver Instrument, model 
UB-10) was used for the measurement.  
 
3.4.1.4.3 Aerobic Plate Count 
Serial dilutions from the stomached samples were prepared according to our expectations 
on the level of the microbial population using 9 ml peptone water blanks. These dilutions 
were 10
-3
 up to 10
-5
. One ml of each dilution was aseptically dispensed onto separate, 
52 
 
duplicate Petri dishes using a pipette and sterile tips. Twelve to fifteen ml of plate count 
agar (which was tempered – heated and kept at 45 ± 1ºC in the liquid state) was 
aseptically poured over (pour-plate method) and immediately mixed thoroughly and 
uniformly by a circular and side-to-side motion of plates on flat level surface. After 
solidified, the agar plates were inverted and incubated (Isotemp Incubator; Fischer 
Scientific) for 48 ± 2h at 35
o
C. The colonies were counted using standard counting rules 
(Maturin and Peeler, 1998) and the results were expressed as APC/g. A negative control 
plate was run with every set of food sample tested by adding 1 ml of peptone water blank 
into duplicate Petri dishes followed by the addition of plate count agar as described 
above. 
 
3.4.1.4.4 Total coliform count 
All coliform testing was conducted using the Most Probable Number (MPN) technique. 
One ml of the 10
-1
 dilution from the food preparation was transferred, in triplicate, using 
a pipette and sterile tips into the Lauryl Tryptose Broth (LST) tubes fitted with inverted 
Durham tubes to trap the formed gas. The same procedure was repeated for 10
-2
, 10
-3
 and 
10
-4
 dilutions. Following incubation at 35
o
C for 24-48h (± 2h) in a Coliform Incubator 
Bath (Thermo; Fisher Scientific, Marietta, OH), LST tubes were observed for gas 
production in the Durham tubes. All presumptive-positive LST broth tubes were 
inoculated into 2% Brilliant Green Lactose Bile broth (BGLB) fitted with inverted 
Durham tubes, using a sterilized loop, to confirm the MPN results. Following incubation 
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at 35
o
C for 48h (± 2h), BGLB tubes were observed for gas formation in the Durham 
tubes. All positive BGLB tubes were considered positive for coliform confirmation. The 
number of positive BGLB tubes was converted into an MPN/g count using the MPN 
tables (Appendix 2) provided in the standardized procedure (Feng et al, 2001).  
 The upper detection limit was expanded by sub-culturing one dilution greater 
than 10
-3
. When the sub-cultured dilutions were 10
-2 
through 10
-4 
the reading was 
multiplied by 10.  
A negative and a positive control of E. coli (ATCC #25922) were run with each set of 
food sample tested. 
 
3.4.1.4.5 E. coli and Fecal Coliform count 
All presumptive-positive LST broth tubes from coliform testing were aseptically 
transferred into E. coli broth (EC) tubes fitted with Durham tubes, using a sterilized loop. 
Following incubation at 45.5
o
C (± 0.2
o
C) for 48h (± 2h), EC tubes were observed for gas 
formation in the Durham tubes. A MPN for fecal coliforms was obtained using the MPN 
table provided in the standardized procedure (Feng et al, 2001). Positive EC tubes were 
streaked on Eosin Methylene Blue (EMB) agar using a sterile loop, and were incubated at 
35
o
C (± 2
o
C) for 24-48h. Escherichia coli colonies were differentiated by their 
characteristic green metallic sheen due to the fermentation of lactose. Potential positive 
plates were subcultured on Plate Count Agar plates and further underwent biochemical 
testing for E. coli using IMViC tests (Indole, Methyl Red, Voges Proscaure and Citrate). 
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Positive results are demonstrated by the profiles - + - - and + + - -.  At this stage E. coli 
count was obtained using the same MPN table (Feng et al, 2001) described for total 
coliforms count. 
 
3.4.1.4.6 Staphylococcus aureus estimated count 
One ml portions of 10
-1
, 10
-2
, 10
-3
 and 10
-4 
dilutions of each food homogenate was 
transferred using a sterile pipette to 3 tubes of Trypticase Soy broth (TSB) containing 
10% NaCl and 1% Sodium Pyruvate. The tubes were then incubated at 35
o
C for 48 ± 2 h. 
From each tube showing growth (turbidity), a loopful was streaked on Baird-Parker 
medium plate with properly dried surface. The plates were incubated for 48 h at 35
o
C to 
obtain isolated colonies. One colony suspected of being S. aureus (circular, smooth, 
convex, moist, and gray to jet-black, frequently associated with an outer clear zone) was 
confirmed by the coagulase test (described below). A negative and a positive control of S. 
aureus (ATCC #25923) were run with each set of food sample tested. The confirmed 
tube samples were reported as MPN of S. aureus/g, according to the same MPN table 
(Feng et al, 2001) described for total coliforms count. 
 The coagulase test was conducted as follows: from each Baird-Parker medium 
plate showing growth, one colony suspected to be S. aureus was transferred into small 
tubes containing 0.2-0.3 ml of Brain Heart Infusion (BHI) broth. A loopful of the BHI 
suspension was inoculated on plates of Tryptic Soy Agar and both plates and the BHI 
culture suspension were incubated at 35
o
C for 18-24 h. The slant cultures were retained at 
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room temperature for repeating tests in case coagulase test results are questionable. To 
the BHI culture, 0.5 ml of reconstituted coagulase plasma was added, mixed thoroughly 
and incubated at 35
o
C. Following incubation, the culture was checked after a 6 h period 
for clot formation. Only a firm and complete clot that stays in place when tube is tilted or 
inverted was considered positive for S. aureus. Partial clotting, formerly 2+ and 3+ 
coagulase reactions were stained with Gram reagent and the bacteria were observed 
microscopically. Gram positive bacteria were determined as S. aureus. 
 
3.4.1.4.7 Listeria monocytogenes detection 
The first step to detect Listeria in ready-to-eat foods was through pre-enrichment and 
enrichment procedures. Twenty five (25) grams of analytical portions of the food sample 
were stomached with 225 ml of Listeria enrichment broth base (BLEB) containing 
sodium pyruvate without selective agents and incubated for 4h at 30
o
C.  Then, selective 
agents were added (acriflavin, nalidixic acid and cycloheximide) and the composite 
sample was incubated for a total time of 48 h at 30
o
C. A loopful of the BLEB culture was 
then streaked onto plates of Oxford Medium fortified with esculin and Fe
+3
 and the plates 
were incubated at 35
o
C for 24-48 h. The plates were checked for typical Listeria 
monocytogenes colonies present (black, with a black halo). A positive control of L. 
monocytogenes (American Type Culture Collection – ATCC - #19115) was run with each 
set of food sample tested.  
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 At least 5 typical L. monocytogenes colonies (when available) were transferred 
from the Oxford medium to Trypticase soy agar with yeast extract (TSAye) using a 
sterile loop to obtain pure isolated colonies, and the plates were incubated at 30
o
C for 24-
48 h. Purification of the colonies with Trypticase soy agar (TSAye) was done because 
isolated colonies on Oxford medium may still be in contact with an invisible weak 
background of partially inhibited competitors.  
 A rapid test kit called API Listeria was used to identify Listeria isolates as L. 
monocytogenes. API Listeria is a standardized system which consists of a strip with 10 
microtubes containing dehydrated substrates which enable the performance of enzymatic 
tests or sugar fermentations. During incubation, metabolism produces color changes that 
are either spontaneous or revealed by the addition of reagents. The reactions are read 
according to color resulting from the reactions and the identification in this study was 
obtained by using the identification website apiweb™ (bioMérieux; France). 
 
3.5 Statistical analysis 
Statistical analysis was conducted using the Predictive Analytics Software (PASW) 
version 17.0.3 (IBM; 2009). Statistical analysis for each test is detailed in the following 
sections. 
 Food samples that were collected in duplicate were analyzed as two individual 
samples for statistical purposes since the results obtained from both food products were 
not uniform for the same food store.  
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 For data analysis purposes, total coliform counts that were less than the 
detection limit (<3.0 MPN/g) were assigned 1.5 MPN/g, which is midway between 
absence of colonies and the detection limit. In addition, total coliform counts that were 
greater than the detection limit (>1100 MPN/g in the case of sub-culturing the first three 
dilutions, >11000 MPN/g in the case of sub-culturing up till the 10
-4
 dilution) were 
assigned a most probable number that was one value greater than the detection limit. In 
the case of results >1100 the assigned value was 2400. For results >11000 the assigned 
value was 24000. Most probable numbers are shown in Appendix B. 
For data analysis purposes results less than the detection limit of the aerobic 
plate count were assigned values midway between zero and the detection limit. For 
example results <1000 CFU/g (colony forming units/gram) were assigned a value of 500 
CFU/g. Aerobic plate count results higher than the detection limit were assigned the 
detection limit value. For example results >2.5 x 10
7
 CFU/g were assigned a value of 2.5 
x 10
7
 CFU/g. 
The aerobic plate count (APC) and total coliform counts were converted to base 
10 logarithms. The analysis of variance (one way ANOVA) was done to compare the 
means of temperature of storage of milk and eggs, means of log10CFU/g (colony forming 
units per gram) for the APC, and the means of log10MPN/g (most probable number per 
gram) for the total coliform count between stores located in Caucasian, African 
American, Hispanic, Asian, low socioeconomic and high socioeconomic areas. A p-value 
<0.05 was considered statistically significant. 
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A Chi-square test was used to compare the proportion of E. coli and S. aureus, 
positive samples (each pathogen at a time) in stores located in the six tract categories 
mentioned above. Several Chi-square tests were conducted to analyze two independent 
groups at a time. A p-value <0.05 was considered statistically significant. Only when the 
number of positive samples from our results was less than 5, the Fisher‟s exact test was 
used to obtain exact p-values. 
 
3.6 Limitations  
1. The availability of retail food store outlets for each tract identified in high 
socioeconomic areas was limiting. Convenience stores were included in addition to chain 
supermarkets, independent supermarkets, grocery stores and corner markets. 
2. The availability of fresh packaged herbs, greens and fresh cut fruits was limited for 
some of the tract categories identified. The limited availability of these products is 
reflected on the total number of samples used in this study. A statistical analysis was 
conducted when possible to detect differences in the microbial load for the different 
demographics from this project. 
3. The distribution of retail food store outlets was different for each census tract. 
Occasionally less than four food store outlets were available for a specific tract. 
Additional tracts were included to compensate the number of food stores to be sampled 
and/or some tracts have more than four stores visited from each tract identified. 
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CHAPTER 4: RESULTS AND DISCUSSION 
Abbreviations will be used throughout the results and discussion section for the six 
demographic groups identified in this study as follows: CAU as Caucasian, AFA as 
African American, ASI as Asian, HIS as Hispanic, HSES and LSES as high and low 
socioeconomic status respectively.  
4.1 Results 
4.1.1 Temperature of storage of eggs 
The average temperature of storage of shell eggs was 46.9 ± 5.7°F for retail stores located 
in CAU tracts; 49.4 ± 6.4°F for eggs sampled in AFA tracts; 48.8 ± 5.9°F in ASI tracts; 
48.4 ± 7.0°F in HIS tracts; 48.6 ± 5.6°F in HSES tracts; 50.2 ± 7.2°F in LSES tracts 
(Table 9). A statistically significant difference was detected in the temperature of storage 
between retail stores from CAU tracts compared to LSES tracts (p=0.026). The average 
temperature of storage of shell eggs from retail stores in CAU tracts was lower by ca. 3°F 
than the average storage temperature from the ones located in LSES tracts. A statistically 
significant difference was close to being detected between the temperature of storage of 
eggs from retail stores located in CAU tracts as compared to eggs in AFA tracts (p=0.09). 
 
 
 
60 
 
Table 9. Temperature of eggs. Temperature of storage and percentage of egg cartons 
stored at ≥ 45°F. 
Census 
tract 
category 
Temperature 
(°F)* 
Total # of 
samples 
# of samples 
stored  
≥45°F 
% egg 
cartons 
stored  
≥ 45°F 
# samples stored 
at room 
temperature 
unrefrigerated (%) 
      
Caucasian 46.9 ± 5.7
a
 35 16 45.7% 0  
African 
American 
49.4 ± 6.4 38 29 76.3% 1 (2.6%) 
Asian 48.8 ± 5.9 36 27 75.0% 5 (13.9%) 
Hispanic 48.4 ± 7.0 38 24 63.1% 2 (5.3%) 
High SES 48.6 ± 5.6 39 25 64.1% 1 (2.6%) 
Low SES 50.2 ± 7.2
a
  37 26 70.3% 2 (5.4%) 
      
*Values represent mean ± standard deviation. 
a 
Same letter on the same column indicate that the mean difference is significant when p ≤ 0.05. 
 
 
 
According to regulatory information from the U.S. Food and Drug 
Administration from July 2001 (FDA, 2001), retail establishments are required to store 
and display shell eggs at a temperature of 45°F or lower promptly upon receipt. The 
mean temperature of storage presented on Table 9 shows that in general, eggs are not 
being held at proper temperature for any of the tract categories studied. Approximately 
45% of eggs sampled from retail stores located in CAU tracts were held at temperatures 
higher than what recommended by the FDA; 63.1% of retail stores located in HIS tracts; 
64.1% in high SES tracts; 70.3% in low SES tracts; 75% in ASI tracts; and 76.3% in 
AFA tracts (Table 9). Additionally, the storage of eggs at room temperature 
unrefrigerated was not observed in retail stores located in CAU tracts and more 
frequently observed in retail stores located in ASI tracts (13.9% of the stores).  
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4.1.2 Comparison of the temperature of storage and aerobic plate count in milk  
The average temperature of storage of milk in retail stores located in CAU tracts was 45.1 
± 4.5°F; 45.9 ± 4.3°F for stores located in AFA tracts; 46.1 ± 6.2°F for ASI tracts; 45.5 ± 
5.6°F for HIS tracts; 45.6 ± 3.3°F for HSES tracts and 45.0 ± 5.8°F for LSES tracts 
(Table 10). A statistically significance was not detected in the temperature of storage of 
milk between retail stores for any of the six tract categories (p > 0.05) as determined by 
the analysis of variance (ANOVA).  
The Food and Drug Administration recommends that perishable foods such as 
milk should be refrigerated at the industry level, during transportation and also during 
storage at a temperature of ≤ 41°F. Approximately 83% of milk samples from retail 
stores located in AFA tracts had temperature of storage greater than what the FDA 
recommends; 81.1% of milks from high SES tracts; 75% from CAU tracts; 66.6% from 
HIS tracts; 64.3% from ASI tracts; and 57.1% from low SES tracts (Table 10). 
 
Table 10. Temperature of milk. Temperature of storage and percentage of milk 
gallons stored at ≥41°F. 
Census tract 
category 
Temperature (°F)* 
Total # of 
samples 
# samples 
stored ≥41°F 
% milk stored 
≥41°F 
     
Caucasian 45.1 ± 4.5 36 27 75% 
African 
American 
45.9 ± 4.3 
35 29 82.8% 
Asian 46.1 ± 6.2 28 18 64.3% 
Hispanic 45.5 ± 5.6 39 26 66.6% 
High SES 45.6 ± 3.3 37 30 81.1% 
Low SES 45.0 ± 5.8 35 20 57.1% 
     
*Values represent mean ± standard deviation. 
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The mean Aerobic Plate Count (APC) for milk samples from retail stores located 
in HSES tracts showed lower levels compared to other tract categories studied (Figure 2). 
The following values list the lowest to the highest mean level of APC from milk samples: 
HSES 2.24 ± 1.03 log10 CFU/ml; AFA 2.36 ± 0.99 log10 CFU/ml; CAU 2.69 ± 1.72 log10 
CFU/ml; ASI 2.83 ± 1.55 log10 CFU/ml; LSES 2.98 ± 1.64 log10 CFU/ml; and HIS 3.07 ± 
1.65 log10 CFU/ml (Figure 2). A statistically significant difference was detected between 
APC from milk samples located in HSES tracts as compared to HIS and LSES (p=0.014 
and p=0.035, respectively); and also between milk samples located in AFA tracts as 
compared to HIS (p=0.042). This difference cannot be attributed to the expiration date 
since the average number of days left for milk to expire was not statistically significant 
different between the six tract categories (Table 11). A statistically significant difference 
was close to being detected between APC levels from retail stores located in AFA tracts 
as compared to LSES tracts.  
According to the federal standards for milk in the United States, the maximum 
level of APC for pasteurized milk at the time of production is 2.0 x 10
4 
CFU/ml (CDFA, 
2010). This study collected milk samples from retail stores, which standards do not apply. 
However, similarity between APC levels should be observed if milk gallons were in 
compliance with APC standards by the manufacturer and if milk was stored at 
appropriate temperature during transportation and storage. The following tracts categories 
are listed from the highest percentage of milk samples which APC levels > 2x 10
4 
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CFU/ml to the lowest: HIS (22.5%), LSES (21.2%), ASI (20%), CAU (13.5%), AFA 
(9.1%) and HSES (5.4%) (Table 11). 
 
 
Figure 2. APC in milk by tract category. The mean APC is shown for each group. The 
bars represent the standard deviation; “n” represents the number of sub-samples. Same 
letter on the top of the bars indicate that the mean difference is significant when p ≤ 0.05. 
 
Table 11. APC levels in milk. Expiration date information and percentage of milk 
with APC levels > 2.0 x 10
4
 CFU/ml. 
Census tract 
category 
Number of days 
until expiration 
date (average) 
Total # of 
samples 
# of samples 
with APC > 2x 
10
4 
CFU/ml
*
 
% results  
APC > 2x 10
4 
CFU/ml
*
 
     
Caucasian 9.1 37 5 13.5% 
African 
American 
9.8 33 3 9.1% 
Asian 9.2 25 5 20% 
Hispanic 8.8 40 9 22.5% 
High SES 10.3 37 2 5.40% 
Low SES 8.9 33 7 21.2% 
     
*
 Federal milk standards: maximum 20,000 CFU/ml (CDFA, 2010). 
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
L
o
g
 1
0
C
F
U
/m
l
CAU
AFA
ASI
HIS
HSES
LSES
n=37 n=33 n=25 n=40 n=37 n=33
a
a ,b
b, c
c
64 
 
4.1.3 Comparison of the microbial load in deli meat 
The mean APC in deli meat for retail stores located in CAU tracts was 4.99 ± 1.2 log10 
CFU/g; 5.11 ± 1.3 log10 CFU/g for retail stores located in AFA tracts; 5.16 ± 1.5 log10 
CFU/g for ASI tracts; 4.80 ± 1.4 log10 CFU/g for HIS tracts; 4.85 ± 1.4 log10 CFU/g for 
HSES tracts; and 4.62 ± 1.5 log10 CFU/g for LSES tracts (Figure 3). A statistically 
significant difference was not observed between any of the six tract categories (p>0.05) 
as determined by the analysis of variance (ANOVA). 
 
 
Figure 3. APC in deli meat by tract category. The mean APC (log10 CFU/g) is shown 
for each group. The bars represent the standard deviation; “n” represents the number of 
sub-samples. 
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Standards do not exist for ready-to-eat foods available for sale at retail stores. 
However, a recent guideline to assess microbial safety of ready-to-eat foods placed on the 
market was published by the Health Protection Agency from the United Kingdom (Health 
Protection Agency, 2009). The document suggest levels of APC <10
5
 CFU/g in deli 
meats to be considered as satisfactory (<5.0 log10 CFU/g); 10
5 
to <10
7
 CFU/g as 
borderline (5.0 to <7.0 log10 CFU/g); and ≥10
7
 as unsatisfactory levels (≥7.0 log10 
CFU/g). The highest percentage of deli meat samples classified as unsatisfactory from 
this study was observed for retail stores located in ASI tracts (20%), followed by HSES 
(8.6%), AFA (8.2%), LSES (6.5%), and HIS (5.3%) (Table 12). No deli meat samples 
from CAU tracts were classified as unsatisfactory according to the APC levels. 
 
 
Table 12. APC in lunchmeat: compliance with guidelines from UK. Number (%) of 
deli meat samples according to the Guidelines from United Kingdom for ready-to-eat 
foods* (levels in CFU/g). 
Census tract 
category 
Satisfactory 
< 10
5
 
Borderline 
10
5
 - <10
7
 
Unsatisfactory 
≥107 
    
Caucasian 47.2% (17/36) 52.8% (19/36) 0% (0/36) 
African American 45.9% (17/37) 45.9% (17/37) 8.2% (3/37) 
Asian 56% (14/25) 24% (6/25) 20% (5/25) 
Hispanic 57.9% (22/38) 36.8% (14/38) 5.3% (2/38) 
High SES 60% (21/35) 31.4% (11/35) 8.6% (3/35) 
Low SES 61.3% (19/31) 32.2% (10/31) 6.5% (2/31) 
    
*Health and Protection Agency, 2009. 
 
The mean coliforms for each tract category is illustrated on Figure 4. The mean 
coliforms for deli meat from retail stores located in CAU tracts was 0.94 ± 1.3 log10 
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CFU/g; 1.16 ± 1.1 log10 CFU/g for AFA tracts; 1.35 ± 1.3 log10 CFU/g for ASI tracts; 
1.38 ± 1.4 log10 CFU/g for HIS tracts; 1.16 ± 1.1 log10 CFU/g for HSES tracts; and 1.08 ± 
1.2 log10 CFU/g for LSES tracts. A statistical significance difference was not observed 
between any of the tract categories studied (p>0.05).  
 
 
Figure 4. Coliforms in deli meat by tract category. The mean Coliforms (log10 MPN/g) 
is shown for each group. The bars represent the standard deviation; “n” represents the 
number of sub-samples. 
 
 
 
Deli meat samples were also tested for the presence/absence of fecal coliforms. 
Higher contamination of deli meat samples by fecal coliforms were observed for retail 
stores located in HIS tracts (21.1%), followed by HSES (20%), AFA (13.5%), LSES 
(12.9%), ASI (12%), and CAU (2.7%) (Figure 5). A statistically significant difference 
was observed in the percentage of positive results for fecal coliforms between deli meat 
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samples from retail stores located in CAU tracts as compared to HIS and HSES tracts 
(p=0.014 and p=0.020 respectively). Deli meat samples from CAU tracts had the lowest 
percentage of positive results.  
 
 
Figure 5. Fecal coliforms in deli meat by tract category. The percentage of positive 
samples for Fecal coliforms is shown for each group; “n” represents the number of sub-
samples. Same letter on the top of the bars indicate that observed frequencies were 
significant at the 0.05 level. 
 
 
 
The percentage of deli meat samples contaminated with S. aureus is illustrated in 
Figure 6. The frequency of contamination with S. aureus was 8.6% for deli meat samples 
from retail stores located in HSES tracts; 8.1% for AFA tracts; 4% for ASI tracts; 3.2% 
for LSES tracts; 2.7% for CAU tracts; and 2.6% for HIS tracts. A statistically significant 
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difference was not detected in the percentage of contaminated samples by S. aureus for 
any of the six tract categories studied (p>0.05). 
E. coli was not detected in deli meat samples obtained in retail stores of all tract 
categories. All samples tested showed levels of E. coli lower than the detection limit 
(<3.0 MPN/g). Deli meat samples from retail stores located in all six tract categories were 
not contaminated by Listeria spp.   
 
 
Figure 6. S. aureus in deli meat by tract category. The percentage of positive samples 
for S. aureus is shown for each group; “n” represents the number of sub-samples. 
 
 
 
4.1.4 Comparison of the microbial quality in hoagies 
The mean APC for hoagie samples from retail stores located in LSES tracts was 5.83 ± 
1.28 log10 CFU/g compared to 6.02 ± 1.37 log10 CFU/g in HSES tracts; 6.19 ± 1.07 log10 
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CFU/g in AFA tracts; 6.29 ± 1.24 log10 CFU/g in HIS tracts; 6.31 ± 1.03 log10 CFU/g in 
CAU tracts; and 6.44 ± 0.92 log10 CFU/g in ASI tracts (Figure 7). A statistically 
significant difference was observed for APC in hoagie samples from retail stores located 
in LSES tracts as compared to HIS, ASI and CAU tracts (p=0.028 , p=0.009, p=0.016 
respectively). Hoagie samples from LSES tracts had the lowest APC levels, followed by 
HIS, CAU and ASI tracts. 
 
 
 
Figure 7. APC in hoagies by tract category. The mean APC (log10 CFU/g) is shown for 
each group. The bars represent the standard deviation; “n” represents the number of sub-
samples. The same letter on top of the bars indicates that observed frequencies were 
significant at the 0.05 level. 
 
 
 
The mean total coliform count was 2.82 ± 1.43 log10 MPN/g for hoagies from 
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2.69 ± 1.47 log10 MPN/g from ASI tracts; 2.15 ± 1.49 log10 MPN/g from HIS tracts; 2.76 
± 1.59 log10 MPN/g from HSES tracts; and 2.34 ± 1.47 log10 MPN/g from LSES tracts 
(Figure 8). A statistically significant difference was observed between total colifom 
counts from hoagies in retail stores located in HIS as compared to HSES and CAU 
(p=0.013 and p=0.007 respectively). Hoagie samples from HIS tracts had the lowest total 
coliform counts followed by the ones from HSES and CAU tracts. 
 
 
 
Figure 8. Total coliform counts in hoagies by tract category. The mean Coliforms 
(log10 MPN/g) is shown for each group. The bars represent the standard deviation; “n” 
represents the number of sub-samples. The same letter on top of the bars indicates that 
observed frequencies were significant at the 0.05 level. 
 
 
 
The presence of fecal coliforms was also investigated in hoagie samples. Hoagies 
from retail stores located in CAU tracts had 22.4% of the samples positive for fecal 
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coliforms; AFA and ASI tracts had 33.3% of the samples contaminated; HIS had 28.8%; 
HSES had 31.1%; and LSES had 21% (Figure 9). A statistically significant difference 
was not observed between the tract categories studied. 
 
 
 
Figure 9. Fecal coliforms in hoagies by tract category. The percentage of positive 
samples for Fecal coliforms is shown for each group; “n” represents the number of sub-
samples. 
 
 
 
The percentage of hoagie samples contaminated by S. aureus was 11.8% for 
retail stores located in CAU tracts; 13.9% in AFA tracts; 9.5% in ASI tracts; 4.5% in HIS 
tracts; 8.1% in HSES tracts; and 4.8% in LSES tracts (Figure 10). A statistically 
significant difference was not observed between any of the tract categories.  
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The presence of E. coli was observed in one hoagie from a retail store located in 
a HIS tract (Table 13). All other categories showed levels of E. coli below the detection 
limit (<3 MPN/g). Listeria spp. was detected from retail stores located in CAU, HIS, 
HSES and LSES tracts (2.6%, 1.5%, 1.4% and 3.2% respectively). One strain of L. 
monocytogenes was identified from a hoagie sample from a retail store located in a CAU 
tract; all other five strains were identified as L. ivanovii strains. Listeria spp. was not 
found in hoagies from retail stores located in AFA and ASI tracts. 
 
 
Figure 10. S. aureus in hoagies by tract category. The percentage of positive samples 
for S. aureus is shown for each group; “n” represents the number of sub-samples. 
 
 
 
 
 
 
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
P
er
ce
n
ta
g
e 
o
f 
p
o
si
ti
v
e 
re
su
lt
s
CAU
AFA
ASI
HIS
HSES
LSES
n=76 n=72 n=42 n=66 n=74 n=62
73 
 
Table 13. E. coli and Listeria spp. in hoagie samples. 
Census tract category E. coli Listeria spp. 
   
Caucasian 0% (0/76) 2.6% (2/76) 
African American 0% (0/72) 0% (0/72) 
Asian 0% (0/42) 0% (0/42) 
Hispanic 1.5% (1/66) 1.5% (1/66) 
High SES 0% (0/74) 1.4% (1/74) 
Low SES 0 % (0/62) 3.2% (2/62) 
   
 
 
 
4.1.5 Availability of RTE foods 
There was limited availability of ready-to-eat products such as cut fruits, greens and fresh 
herbs from most of the census tract categories sampled from this study. Therefore, 
statistical analysis was not performed on the microbial levels observed on these samples.  
 
4.1.5.1 RTE cut fruits 
RTE cut fruit was more likely to be found in retail stores located in HSES census tracts 
(55%), followed by ASI, LSES, CAU, HIS and AFA (22.5%, 17.5%, 15%, 12.5% and 
7.5%, respectively) (Figure 11). RTE cut fruits were found approximately two times 
more often in retail stores located in HSES tracts as compared to ASI tracts and 
approximately seven times more often than in AFA tracts. 
The mean Aerobic Plate Count in RTE cut fruits from retail stores located in CAU 
tracts was 5.11 log10 CFU/g; 6.50 log10 CFU/g in AFA tracts; 5.37 log10 CFU/g in ASI 
tracts; 5.50 log10 CFU/g in HIS; 5.48 log10 CFU/g in HSES tracts; and 5.02 in LSES 
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tracts. The APC results obtained for each sample for the six categories studied are 
detailed as data points in Figure 12. 
 
 
Figure 11. Availability of RTE cut fruits. Percentage of a total of 40 retail stores where 
RTE cut fruits were available.  
 
 
 
Figure 12. Aerobic plate count in RTE cut fruit. The figure shows log10 colony 
forming units/g in each of the RTE cut fruit samples collected from each census tract 
category. 
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The mean total coliform count in RTE cut fruits from retail stores located in CAU 
tracts was 1.99 log10 MPN/g; 2.84 log10 MPN/g in AFA tracts; 2.94 log10 MPN/g in ASI 
tracts; 2.67 log10 MPN/g in HIS tracts; 2.39 log10 MPN/g in HSES tracts; and 2.62 log10 
MPN/g in LSES tracts. The levels of total coliform counts obtained for each sample for 
the six categories studied are detailed as data points in Figure 13. 
 
 
 
Figure 13. Total coliform count in RTE cut fruit. The figure shows log10 MPN/g in 
each of the RTE cut fruit samples collected from each census tract category. 
 
 
None of the RTE cut fruit samples tested was contaminated by E. coli (Table 14). 
S. aureus was detected in samples from retail stores located in CAU, HIS and HSES 
(25%, 10% and 9.3% respectively). Fecal coliforms were found in RTE cut fruit samples 
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from retail stores located in CAU (16.7%), AFA (16.7%), ASI (41.2%), HSES (14%) and 
LSES tracts (30.8%) (Table 14). 
 
Table 14. Fecal coliforms, E. coli and S. aureus in RTE cut fruit samples. 
Census tract 
category 
Total # of 
samples 
Fecal coliforms E. coli S. aureus 
     
Caucasian 12 16.7% (2/12) 0% 25.0% (3/12) 
African 
American 
6 16.7% (1/6) 0% 0% 
Asian 17 41.2% (7/17) 0% 0% 
Hispanic 10 0% 0% 10.0% (1/10) 
High SES 43 14.0% (6/43) 0% 9.3% (4/43) 
Low SES 13 30.8% (4/13) 0% 0% 
     
 
 
 
4.1.5.2 RTE greens 
RTE greens were more likely to be found in retail stores located in HSES census tracts 
(40%), followed by ASI, LSES, CAU, HIS and AFA (17.5%, 7.5%, 7.5%, 5% and 2.5%, 
respectively) (Figure 14). RTE greens were found approximately two times more often in 
retail stores located in HSES tracts as compared to ASI tracts and sixteen times more 
often than in AFA tracts. 
The mean Aerobic Plate Count in RTE greens from retail stores located in CAU 
tracts was 6.49 log10 CFU/g; 5.62 log10 CFU/g in AFA tracts; 7.25 log10 CFU/g in ASI 
tracts; 5.36 log10 CFU/g in HIS; 6.98 log10 CFU/g in HSES tracts; and 6.81 in LSES 
tracts. The APC results obtained for each sample for the six categories studied are 
described in the Figure 15. 
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Figure 14. Availability of RTE greens. Percentage of a total of 40 retail stores where 
RTE greens were available. 
 
 
 
 
Figure 15. Aerobic plate count in RTE greens. The figure shows log10 colony forming 
units/g in each of the RTE greens samples collected from each census tract category. 
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The mean total coliform count in RTE greens from retail stores located in CAU 
tracts was 4.03 log10 MPN/g; 4.38 log10 MPN/g in AFA tracts; 4.08 log10 MPN/g in ASI 
tracts; 2.06 log10 MPN/g in HIS tracts; 4.02 log10 MPN/g in HSES tracts; and 4.38 log10 
MPN/g in LSES tracts. The levels of total coliform counts obtained for each sample for 
the six categories studied are detailed as data points in Figure 16. 
 
 
 
Figure 16. Total coliform count in RTE greens. The figure shows log10 MPN/g in each 
of the RTE greens samples collected from each census tract category. 
 
 
 
None of the RTE greens samples tested was contaminated by E. coli (Table 15). 
S. aureus was detected in samples from retail stores located in CAU and HSES (16.7%, 
and 9.4% respectively). Fecal coliforms were found in RTE greens samples from retail 
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stores located in CAU (33.3%), ASI (78.6%), HIS (25%), HSES (31.3%) and LSES tracts 
(100%) (Table 15). 
 
 
Table 15. Fecal coliforms, E. coli and S. aureus in RTE greens samples. 
Census tract 
category 
Total # of 
samples 
Fecal coliforms E. coli S. aureus 
     
Caucasian 6 33.3% (2/6) 0% 16.7% (1/6) 
African American 2 0% 0% 0% 
Asian 14 78.6% (11/14) 0% 0% 
Hispanic 4 25% (1/4) 0% 0% 
High SES 32 31.3% (10/32) 0% 9.4% (3/32) 
Low SES 5 100% (5/5) 0% 0% 
     
 
 
 
4.1.5.3 Fresh herbs 
Fresh herbs were more likely to be found in retail stores located in ASI census tracts 
(22.5%), followed by AFA and HSES (5%) and LSES, CAU and HIS (2.5%) (Figure 17). 
Fresh herbs were found approximately four times more often in retail stores located in 
ASI tracts as compared to AFA and HSES tracts, and nine times more often than in 
LSES, CAU and HIS tracts. 
The mean Aerobic Plate Count in fresh herbs from retail stores located in CAU 
tracts was 6.98 log10 CFU/g; 7.03 log10 CFU/g in AFA tracts; 6.36 log10 CFU/g in ASI 
tracts; 7.69 log10 CFU/g in HIS; 5.88 log10 CFU/g in HSES tracts; and 5.90 in LSES 
tracts. The APC results obtained for each sample for the six categories studied are 
described in the Figure 18. 
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Figure 17. Availability of fresh herbs. Percentage of a total of 40 retail stores where 
RTE fresh herbs were available. 
 
 
 
 
Figure 18. Aerobic plate count in RTE fresh herbs. The figure shows log10 colony 
forming units/g in each of the fresh herbs samples collected from each census tract 
category. 
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The mean total coliform count in fresh herbs from retail stores located in CAU 
tracts was 4.21 log10 MPN/g; 3.31 log10 MPN/g in AFA tracts; 2.82 log10 MPN/g in ASI 
tracts; 4.38 log10 MPN/g in HIS tracts; 2.04 log10 MPN/g in HSES tracts; and 2.38 log10 
MPN/g in LSES tracts. The levels of total coliform counts obtained for each sample for 
the six categories studied are detailed as data points in Figure 19. 
 
 
 
Figure 19. Total coliform count in RTE fresh herbs. The figure shows log10 MPN/g in 
each of the fresh herbs samples collected from each census tract category. 
 
 
 
None of the fresh herbs samples tested was contaminated by E. coli or S. aureus 
(Table 16). Fecal coliforms were found in fresh herbs samples from retail stores located 
in CAU (50.0%), AFA (66.7%) and ASI tracts (29.4%) (Table 16). 
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Table 16. Fecal coliforms, E. coli and S. aureus in fresh herbs samples. 
Census tract 
category 
N* Fecal coliforms E. coli S. aureus 
     
Caucasian 2 50.0% (1/2) 0% 0% 
African American 3 66.7% (2/3) 0% 0% 
Asian 17 29.4% (5/17) 0% 0% 
Hispanic 2 0% 0% 0% 
High SES 4 0% 0% 0% 
Low SES 2 0% 0% 0% 
     
* N = total number of samples collected. 
 
 
4.2 Discussion 
4.2.1 Eggs 
Contamination of eggs by Salmonella is known to be a problem and 
approximately one in 10,000 eggs may be internally contaminated (CDC, 2005). There is 
evidence that Salmonella in contaminated eggs can survive and multiply to significant 
levels (Kim et al, 1989; Samli, et al, 2005; Holt and Gast, 2000) especially when stored at 
abusive temperatures, meaning that risk of infection increases significantly with improper 
temperature of storage of this product. If the product is stored at appropriate temperatures 
and cooked thoroughly prior to consumption, Salmonella can be eliminated.  
Eggs were often observed with temperature measurements of more than 45°F, 
especially in retail stores located in low SES, Asian and African American census tracts 
(70.3%, 75% and 76.3%, respectively). It was frequently observed particularly in retail 
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stores located in Asian tracts the storage of eggs at room temperature unrefrigerated 
(13.8%). 
As observed in this study, retail stores located in Caucasian tracts showed a 
lower temperature of storage of eggs in-store as compared to the ones from low SES 
tracts (46.9°F vs. 50.2°F, respectively). This difference may have occurred because retail 
stores from low SES tracts keep their cartons of eggs in a deli case, which has its doors 
constantly opened by food handlers to prepare sandwiches. In many cases, doors from 
refrigerated cases would be opened during the entire time while the food handler is 
preparing a sandwich. In addition, small retail stores located in low SES tracts may lack 
the resources to achieve proper refrigeration (Yapp and Fairman, 2006), a fact observed 
on our visits since many of these food stores did not have a functional thermometer in 
what appeared to be old refrigerated cases.  
 
4.2.2 Milk 
Although the temperature of storage of milk did not differ statistically between 
retail stores of all six tract categories, differences were observed on the levels of APC in 
milk.  
Milk from retail stores located in high SES tracts had a lower level of APC 
compared to milk from Hispanic and low SES tracts. Additionally, milk from retail stores 
located in African American tracts showed lower levels of APC compared to milk from 
Hispanic tracts. These differences indicate that at some point during transportation from 
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industry to the retail store or at the retail store itself the milk may be exposed to abusive 
temperatures. As milk is allowed to warm, bacteria can grow more rapidly compromising 
quality and potentially safety of the product. Since the average number of days to reach 
expiration date did not differ statistically between milk from retail stores located in all six 
tract categories, this difference may have occurred for reasons other than simply shelf life 
itself.  
Most of the small grocery stores located in Hispanic and low SES census tracts 
visited in this study had a limited number of employees working, and in some cases only 
one person, who is responsible for all functions of the store. Frequently, it was observed 
that milk gallons upon receipt were placed on the floor and were sitting at room 
temperature for at least 15 minutes until the employee was able to place them in a 
refrigerated case. This practice was not observed in retail stores (mostly supermarkets 
and convenience stores) from high SES tracts, since very often there are several 
employees working, each one with a very well established function. Additionally, small 
retailers may lack proper refrigeration knowledge of conditions needed to allow minimal 
bacterial growth in milk; they may rely on non-refrigerated methods to transport 
perishable products if they are located in inner-city streets; or may lack resources (Yapp 
and Fairman, 2006). 
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4.2.3 Microbial quality of lunchmeat and hoagies by each census tract category 
4.2.3.1 High socioeconomic status 
Lunchmeat samples from retail stores located in high SES tracts showed a higher 
prevalence of fecal coliforms than lunchmeat samples from stores located in Caucasian 
tracts. Additionally, hoagie samples from high SES areas showed some prevalence of 
Listeria spp. (1.4%) and higher levels of coliforms together with Caucasian tracts than 
hoagie samples from stores located in Hispanic tracts. Higher levels of coliforms found in 
hoagies in high SES and Caucasian areas than in Hispanic areas was opposite to what we 
hypothesized.  
Higher levels of coliforms in hoagie samples from retail stores located in high 
SES tracts and Caucasian tracts than hoagies from retail stores located in Hispanic tracts 
may have occurred because stores from high SES and Caucasian tracts have a higher 
volume of products for sale. Consequently, salad ingredients used in hoagies may be 
stored for longer periods than the ingredients from retail stores located in Hispanic tracts. 
Also, higher number of workers in stores located in high SES and Caucasian tracts could 
increase the chances of cross-contamination in hoagies. Additionally, a significant 
number of hoagies obtained from retail stores from high SES tracts were prepare in-store 
but sold prepackaged. Any contamination due to mishandling could have contributed to a 
proliferation of microorganisms in this type of product, especially if temperature abuse 
occurred during processing and/or storage. 
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4.2.3.2 Low socioeconomic status 
Hoagies from retail stores located in low SES tracts showed prevalence of Listeria spp. 
(3.2%) and lower levels of APC than hoagie samples from retail stores located in 
Caucasian, Hispanic and Asian tracts. This result is opposed to what we hypothesized.  
The lower levels of APC found from hoagie samples from stores located in low 
SES tracts as compared to sampled from stores located in Caucasian, Hispanic and Asian 
tracts could be the fact that retail stores from low SES tracts are smaller in size and carry 
a lower volume of products. Consequently, salad ingredients used to prepare hoagies 
could be stored for shorter periods of time, which will not allow microorganisms to 
proliferate on the product.  
The presence of Listeria spp. in hoagie samples from retail stores located in low 
SES tracts could be attributed to contaminated ingredients, cross-contamination from 
contaminated surfaces and utensils, lack of hygiene during handling, inadequate washing 
and temperature abuse (Wilson, 1996).  
 
4.2.3.3 Asian 
In general, there were no statistically significant differences in the microbial loads of 
lunch meat and hoagies between retail stores located in Asian tracts as compared to the 
other census tract categories from this study, with the exception of APC in hoagie 
samples. Hoagie samples from retail stores located in Asian tracts showed higher levels 
of APC than samples from stores located in low SES tracts (6.44 ± 0.92 log10 CFU/g vs. 
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5.83 ± 1.28 log10 CFU/g, respectively). Indigenous microflora, mishandling and/or 
temperature of storage could have contributed to higher levels of APC in hoagies. 
Although there were no statistical differences between levels of APC in lunch 
meats from retail stores located in the six tract categories studied here, lunchmeats 
available in retail stores of Asian tracts had the highest percentage of samples (20%) 
classified as unsatisfactory according to the Guidelines for ready-to-eat foods from 
United Kingdom (Health Protection Agency, 2009). A microbiological examination of 
3483 samples of cold ready-to-eat sliced meats from catering establishments from United 
Kingdom had approximately 14% of the samples classified as unsatisfactory (Gillespie, et 
al, 2000), which is still lower than what we found for samples from retail stores located in 
Asian tracts. Higher number of samples with high levels of APC in lunchmeat from retail 
stores located in Asian tracts could indicate a general lack of hygiene and/or improper 
temperature of storage of the product.  
 
4.2.3.4 African American 
No significant differences were observed on the microbial loads of lunchmeat and 
hoagies obtained from retail stores located in African American tracts when compared to 
all other tract categories studied herein. Using microbial count as an indicator, it would 
appear that African American populations are not exposed to higher risks of foodborne 
illness due to microbial contamination in RTE foods. 
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4.2.3.5 Hispanic 
Lunchmeat samples from retail stores located in Hispanic tracts showed higher 
prevalence of fecal coliforms than samples from Caucasian tracts. Also, levels of aerobic 
plate count in hoagies from retail stores located in Hispanic tracts were higher than 
samples from low SES tracts. Listeria spp. and E. coli were also detected in hoagie 
samples (1.5% for both) obtained from retail stores located in Hispanic tracts.  
 Factors such as poor handling practices by food handlers, high storage 
temperature, cross contamination from food contact surfaces (Fang et al, 2003) or even 
the indigenous microflora on salad may have contributed to the presence of E. coli on the 
hoagie sample. Meldrum et al (2005) reported 1.7% (n = 1662) of sandwiches with salad 
from several types of establishments from United Kingdom contaminated with E. coli 
with levels ≥102 CFU/g. Another study more specifically with small retail facilities in 
United Kingdom reported E. coli contamination with levels ≥10 CFU/g in approximately 
6.5% of sandwich samples tested (n = 383) (Williamson et al, 2000). Our results show 
lower prevalence of E. coli in hoagies from retail stores located in Hispanic tracts when 
compared to studies from the United Kingdom. 
 
4.2.3.6 Caucasian 
As has been highlighted in previous sections, lower prevalence of fecal coliforms in 
luchmeat was observed in retail stores located in Caucasian tracts than from samples of 
retail stores located in Hispanic and high SES tracts. However, higher levels of aerobic 
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plate count and coliforms were found in hoagies obtained from retail stores located in 
Caucasian tracts than low SES and Hispanic tracts respectively. Listeria spp. was also 
found in hoagies from retail stores located in Caucasian tracts (2.6%).  
  
4.2.4 Availability of RTE cut produce and RTE fresh herbs 
The number of RTE cut produce samples (RTE cut fruit and RTE greens) was very 
limited for most of the retail stores located in the six categories studied. However, retail 
stores located in Asian and high SES tracts were more likely to have these products 
available for sale than retail stores from Caucasian, African American, Hispanic and low 
SES tracts. Although the results obtained from the microbiological analysis conducted in 
RTE cut produce cannot be analyzed due to the low number of samples, a trend was 
observed between samples from retail stores that were more likely to have these products 
available. RTE cut produce samples from retail stores located in Asian tracts tend to have 
a higher prevalence of samples with fecal coliforms when compared to samples from 
stores of high SES tracts (58%, n=31 and 21%, n=75 respectively). The indigenous 
microflora of these products, as well as mishandling and improper temperature of storage 
can be the reason why samples from retail stores located in Asian tracts tend to have 
higher prevalence of fecal coliform counts.   
Fresh herb samples were more commonly found in retail stores located in Asian 
tracts than in any other tract category. Fecal coliforms were also detected in fresh herbs 
from retail stores located in Asian tracts, with a prevalence of 29.4% (n = 17). 
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4.2.5 Overall discussion 
Measurements of the temperature of in-store storage of eggs was helpful to observe 
problems of adequate refrigeration in retail stores in the city of Philadelphia, PA available 
to populations of African American, Asian and low SES areas. These populations face 
greater temperature of in-store storage of eggs caused either by lack of knowledge or 
resources. Consequently, these populations are in greater risk of foodborne illness due to 
contaminated eggs.  
Populations of all tract categories studied herein do not experience any 
differences in the temperature of in-store storage of milk. However, aerobic plate count 
levels in milk samples showed that populations of Hispanic and low SES areas may 
experience lower quality of milk due to exposure of the product at abusive temperatures 
at some point during transportation or at the store, which was observed during our visits 
to the retail stores from Hispanic and low SES areas. These results also suggest that 
levels of aerobic plate count may be a better indicator of quality of milk instead of 
examining the in-store temperature of storage of this product. Additionally, Hispanic and 
low SES populations should be better trained and informed about the importance of 
proper refrigeration of perishable products such as milk. 
Hispanic and high SES populations are exposed to lunchmeat with higher 
prevalence of fecal coliforms than Caucasian populations and Asian populations. Higher 
prevalence of fecal coliforms in lunchmeat from retail stores located in high SES tracts 
than lunchmeat from retail stores located in Caucasian tracts may have occurred because 
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food handlers in high SES tracts are constantly wearing the same gloves for an extended 
period of time or reusing them. It was observed in several instances that food handlers 
were not changing their gloves even to answer telephone calls or to touch equipment 
surfaces and they were washing hands less frequently. The use of glove can provide a 
false sense of security. One study looked at microbiological contamination of foods from 
fast food chains and suggested that the use of gloves do not decrease and might even 
increase the risk of microbial contamination (Lynch, et al, 2005). The research found 
double the rate of coliform detection for all samples handled by workers with gloves 
versus bare hands (Lynch et al, 2005). Glove use may put high SES populations at greater 
risk.  
Hispanic populations also faced higher prevalence of fecal coliforms in 
lunchmeat than Caucasian populations. The Hispanic population in the United States is 
more likely to be living in poverty and more likely to be unemployed than non-hispanic 
Caucasian population (22.8% vs. 7.7%, respectively) (Therrien and Ramirez, 2000). Low 
income, low education, low exposure to health benefits (Therrien and Ramirez, 2000) and 
even the language barrier may lead to low levels of food safety knowledge in Hispanic 
populations and the higher prevalence of fecal coliforms observed in this study in 
lunchmeats. Studies have been reinforcing the need to focus food safety education in 
these communities (Bermudez-Millan et al, 2004, Boone, et al, 2004). 
The differences observed on the microbial quality of lunchmeat samples 
available to different populations were not consistent with results obtained from hoagie 
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samples. Ingredients of hoagie samples tested in this study consisted of processed 
products such as lunchmeat and mayonnaise, and also raw products such as lettuce, 
tomatoes and onions. Levels of aerobic plate count and total coliforms in hoagie samples 
may reflect not only mishandling of the processed ingredients, but also the microflora 
present in raw products, which is likely to be much higher than processed products 
(Health Protection Agency, 2009). In fact, recent guidelines released for ready-to-eat 
foods from the United Kingdom recommend that sandwiches with salad should be tested 
for yeast, Bacillus spp. or lactic acid bacteria in order to investigate spoilage in these 
products instead of total plate count levels. 
 The presence of E. coli in one hoagie sample available to Hispanic populations 
and Listeria spp. in one or two hoagie samples available to Caucasian, Hispanic, high and 
low SES populations do not make retail stores available to these populations a great 
concern. In fact, retail stores seem to have similar or lower prevalence of these bacteria 
compared to what has been found in the literature. Two studies conducted in United 
Kingdom reported sandwiches from retail and foodservices with incidences of Listeria 
spp. with more than 100 CFU/g in 0.5% and 1.8% of the samples (n = 1662 and n = 383, 
respectively) (Meldrum et al, 2005, Williamson et al, 2000). Meldrum and Smith (2007) 
also looked at occurrence of Listeria spp. in sandwiches from retail stores and hospitals 
from United Kingdom, reporting 4.42% (n = 26) and 2.84% (n = 27) of the samples 
contaminated respectively. Meldrum et al (2005) reported 1.7% (n = 1662) of sandwiches 
with salad from several types of establishments from United Kingdom contaminated with 
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E. coli with levels ≥102 CFU/g. Another study more specifically with small retail 
facilities in United Kingdom reported E. coli contamination with levels ≥10 CFU/g in 
approximately 6.5% of sandwich samples tested (n = 383) (Williamson et al, 2000).  
There is an increased availability of RTE produce in retail stores located in high 
SES tracts and both RTE produce and fresh herbs from stores located in Asian tracts. 
These populations are more likely to consume these RTE products and therefore, should 
be more concerned about the quality and safety of the RTE products offered. As observed 
in this study, Asian populations may experience greater risk of consumption of 
contaminated RTE produce and fresh herbs than any other population studied here due to 
high availability combined with lower quality of these products in retail stores located in 
Asian tracts. 
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CHAPTER 5: IDENTIFICATION OF AN UNIQUE FOOD SAFETY RISK IN 
ASIAN MARKETS 
 
 
5.1 Introduction and Research Objectives 
During our visits to retail stores in the city of Philadelphia (PA) from the previous study, 
observations made allowed us to identify a unique practice that may present risks for 
foodborne illness. This unique practice was present in markets of census tracts with high 
numbers of Asian population. There was a prevalence of a practice in small Asian urban 
markets to sell fresh tofu (soybean curd) from open containers from which consumers 
remove the tofu cake and place it in a plastic bag to purchase. The tofu cake is commonly 
removed from open containers by using plastic bags, by hand or using a utensil. In some 
cases these buckets were stored at room temperature.  
Previous research has examined safety of tofu from buckets and found that if not 
handled properly it may present a food safety risk (Ashraf et al, 1999, Warburton et al, 
1998).  In addition, several outbreaks and recalls have been reported regarding fresh tofu 
(Lee et al, 1991, Tacket, et al, 1985, Meyers et al, 2007) including a recent recall of a 
commercial brand due to Listeria monocytogenes contamination (FDA, 2007). 
The objectives of this study were to 1) identify Asian census tracts within the 
city of Philadelphia (PA) with the highest percentage of Asian population 2) identify 
Asian markets within those census tracts where practice of selling tofu from open 
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containers was present 3) visit Asian markets identified once every season to purchase 
samples to be tested for indicators of poor handling and also presence of pathogens.  
 
5.2 Material and methods 
5.2.1 Identification of census tracts 
The top 14 census tracts which had the highest percentage of Asian population of at least 
1000 people were selected using data available from the U.S. Census Bureau (U.S. 
Census Bureau, 2000) as described on chapter 3. Figure 20 represents a map of the city of 
Philadelphia (PA) with the 14 Asian tracts selected highlighted.  
 
 
Figure 20. Asian census tracts identified in Philadelphia County. 
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5.2.2 Identification of retail food stores 
Two databases were used to identify retail food stores located within the Asian census 
tracts selected: the Dun and Bradstreet database and data available online from the 
Philadelphia Department of Health. A total number of 182 retail food stores were visited 
during the period of a week and the food stores which sell tofu from open containers were 
selected for sampling purposes. During visits to these census tracts, stores which were not 
on our original list and seemed to be typical Asian were visited as well. Table 17 
describes the number of the census tracts selected, the total population, the percentage of 
that population which is of Asian race, the number of stores visited and the number of 
stores that sell “bucket” tofu for each census tract identified.  
Retail food stores that sold tofu from open containers were visited four times 
from November 2008 until June 2009. 
 
5.2.3 Tofu samples selection 
5.2.3.1 Tofu from open containers 
All 15 retail food stores identified which had tofu from open containers available for sale 
where visited on the same day. From each retail store 3 tofu cakes were collected from 
each open container available and treated as one sample. Tofu cakes from the same store 
collected from different open containers were treated as a separate sample. The 3 cakes 
were collected as follows: one located on the left side and top level of the container, one 
located on the center and middle level of the container, and the last piece from the right 
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side and bottom level of the open container. Utensils were used when available or plastic 
bags provided by the seller. Each time a cake was collected, some juice (ca. 5 ml) was 
collected as well in the same plastic bag.  
 
 
Table 17. Asian census tracts and stores visited. 
Category 
Census 
tract # 
Total 
population 
% of Asian 
population 
# of stores 
visited 
# of stores with 
tofu sold from 
open container 
Asian (ASI) 
 
2.00 
 
1355 
 
72.69 
 
26 
 
1 
23.00 2644 23.71 7 3 
28.00 9255 24.26 26 0 
30.00 8160 29.64 18 3 
41.01 5737 21.25 24 2 
44.00 1110 17.66 4 0 
77.00 2033 24.00 2 0 
87.00 6733 17.93 14 2 
88.00 8307 23.81 6 0 
89.00 3343 24.89 4 0 
273.00 6000 19.38 13 0 
274.00 10479 17.78 15 0 
290.00 6217 22.04 6 0 
291.00 4371 24.98 13 2 
Other 
163.00 3776 2.28 1 1 
236.00 2592 2.04 1 1 
Total 182 15 
 
 
 
5.2.3.2 Prepackaged tofu 
During our visit to the first retail food store of the day, every branded prepackaged soft 
tofu found was purchased. Subsequently, every prepackaged tofu encountered which was 
manufactured by a different company was collected from other retail stores. In this way, 
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we would be able to collect a wide range of branded tofu from all different manufacturers 
on the same sampling day.  
 
5.2.4 Temperature   
Temperature of storage of tofu cakes was tested at the time of purchase. The samples 
were purchased and carried to the rental car, where temperature was measured 
immediately using a pen-style infrared thermometer (VWR International; West Chester, 
PA). The infrared thermometer was placed ca. 5cm away from the tofu cakes and 
temperature was measured on three different spots of the sample. The lowest temperature 
measured was recorded for each tofu sample. Only tofu cakes were tested for 
temperature. 
 
5.2.5 Microbial analysis 
All plastic bags with tofu samples collected from retail stores were placed in plastic 
containers with a lid and the plastic containers stored in coolers filled with ice. The 
coolers were transported to the laboratory and tofu samples were kept at 4ºC and tested 
within 24 hrs. 
Tofu cake and juice from open containers and prepackaged form were tested for 
indicators of sanitation and for microbial pathogens using methods from the 
Bacteriological Analytical Manual provided by the FDA (FDA, 2001). Tofu cakes from 
open containers and prepackaged form were tested for aerobic plate count, coliforms, 
fecal coliforms, E. coli, S. aureus and L. monocytogenes. The same tests, except for 
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detection of L. monocytogenes, were conducted for juice obtained from open containers 
and prepackaged tofu. In addition, tofu cakes and juice were tested for pH. Table 18 
describes the microbial analysis conducted for each type of sample collected. 
 
 
Table 18. Types of tofu samples tested. 
Product 
# of subsamples 
obtained for each store 
Microbiological 
Quality indicator tests 
Microbiological 
Pathogen tests 
Tofu from 
open 
containers 
3 cakes 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
L. monocytogenes 
Tofu 
packaged 
1 package of each 
brand 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
L. monocytogenes 
Juice from 
open 
containers 
ca. 15 ml per bag 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
 
Juice from 
packaged 
tofu 
Juice obtained from 
package 
 
Aerobic Plate Count 
Coliforms 
Fecal coliforms 
 
E. coli 
S. aureus 
 
 
 
The total number of tofu samples collected from all tract categories was 110 with 
97 juice samples (Table 19). The total number of microbial laboratory analyses 
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conducted was 1155 tests. Table 19 describes the number of tofu and juice samples 
collected from each retail food store on each day of collection.  
 
Table 19. Number of tofu samples collected. 
Retail 
food 
store 
code 
Day 1 Day 2 Day 3 Day 4 
Total 
OT/J* PT/J** OT/J PT/J OT/J PT/J OT/J PT/J 
 
A 
 
1/1 
 
1/1 
 
1/1 
 
2/2 
 
1/1 
 
1/1 
 
1/1 
 
1/1 
 
9/9 
B 0/0 0/0 2/2 2/1 2/2 5/4 2/2 4/4 17/15 
C 2/2 3/2 2/2 1/1 2/2 0/0 2/2 1/0 13/11 
D 1/1 0/0 1/1 0/0 1/1 0/0 1/1 0/0 4/4 
E 1/1 0/0 1/1 0/0 1/1 2/0 1/1 0/0 6/4 
F 2/2 1/1 2/2 1/1 2/2 0/0 2/2 0/0 10/10 
G 2/2 1/0 2/2 1/0 2/2 1/0 2/2 1/0 12/8 
H 1/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1/1 
I 0/0 0/0 1/1 0/0 1/1 0/0 0/0 0/0 2/2 
J 2/2 1/0 2/2 0/0 2/2 1/0 2/2 1/0 11/8 
K 0/0 0/0 1/1 0/0 1/1 0/0 1/1 0/0 3/3 
L 0/0 0/0 2/2 0/0 2/2 0/0 1/1 0/0 5/5 
M 2/2 0/0 2/2 0/0 2/2 0/0 2/2 0/0 8/8 
N 2/2 0/0 1/1 0/0 1/1 0/0 1/1 0/0 5/5 
O 1/1 0/0 1/1 0/0 1/1 0/0 1/1 0/0 4/4 
 
Total 17/17 7/4 21/21 7/5 21/21 10/5 19/19 8/5 110/97 
*OT/J   = number of tofu samples from open containers/juice samples 
**PT/J = number of prepackaged tofu samples/juice samples 
 
 
5.2.6 Sampling procedure 
5.2.6.1 Tofu cake 
Each composite sample of tofu cake from open containers was made by combining pieces 
of three cakes purchased. Representative 25g portions were aseptically transferred to each 
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stomacher bag using a sterile knife and forceps. Pieces of the three tofu cakes surface 
(including top, bottom and sides) and from the center of the cake were cut to make a 
composite sample.  
Samples from prepackaged tofu were prepared as mentioned before, however the 
packages were cleaned with a solution of 90% ethanol and paper towel before they were 
opened to avoid any outside contamination. In addition, the composite sample was 
prepared with only one cake instead of three.  
  
5.2.6.2 Tofu juice 
The tofu juice was aseptically collected from plastic bags or plastic containers using a 
sterile pipette (ca. 10 ml) and transferred to sterile test tubes for further analysis.  
 
5.2.7 Statistical analysis 
Statistical analysis was conducted using the Predictive Analytics Software (PASW) 
version 17.0.3 (IBM; 2009). Counts which were higher or lower than the detection limit 
had values assigned as described on chapter 3.3.  
The aerobic plate count (APC) and total coliform counts were converted to base 
10 logarithms. A t-test was done to compare the means of temperature of storage of 
prepackaged tofu and tofu from open containers, means of log10CFU/g (colony forming 
units per gram) for the APC, and the means of log10MPN/g (most probable number per 
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gram) for the total coliform count between tofu cakes and juice from commercial brands 
and tofu from open containers. A p-value <0.05 was considered statistically significant. 
A Chi-square test was used to compare the proportion of E. coli and S. aureus, 
positive samples (each pathogen at a time) between prepackaged tofu cakes and juice and 
tofu from open containers. A p-value <0.05 was considered statistically significant. 
 
5.3 Hypotheses 
The stated hypotheses were as follows: 
1. The aerobic plate count (APC) in tofu cake and juice from bucket will be higher 
than APC on pre-packaged tofu cake and juice respectively. 
2. Counts of indicator organisms (total coliform and fecal coliforms) will be higher 
in tofu cake and juice from bucket than on pre-packaged tofu cake and juice 
respectively.  
3. The percentage of tofu cake and juice contaminated with E. coli will be higher for 
tofu stored in buckets/open bins than pre-package tofu. 
4. The percentage of tofu cake and juice contaminated with S. aureus will be higher 
for tofu stored in buckets/open bins than pre-package tofu. 
5. The percentage of tofu cake and juice contaminated with Listeria monocytogenes 
will be higher for tofu stored in buckets/open bins than pre-package tofu. 
6. The temperature of storage of tofu cake from buckets/open bins will be higher 
than the temperature of storage of pre-packaged tofu cake.  
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5.4 Results 
5.4.1 Comparison of temperature of storage of tofu cakes in-store 
The average temperature of storage of tofu in retail stores from Asian tracts was 45.5 ± 
6.0°F for packaged tofu and 49.5 ± 5.9°F for tofu from open containers (Figure 21). A 
statistically significant difference was detected on the temperature of storage between 
packaged and tofu from open containers (p=0.002). 
 
 
Figure 21. Temperature of storage for tofu. The mean temperature of storage is shown 
for each tofu type. The bars represent the standard deviation; “n” represents the number 
of sub-samples. The same letter on top of the bars indicate that the means were 
significant at the 0.05 level. 
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5.4.2 Comparison of Aerobic Plate Count in tofu cake and juice between tofu types 
The mean aerobic plate count observed on tofu cake was 5.0 ± 1.4 log10 CFU/g for 
packaged tofu and 6.8 ± 0.9 log10 CFU/g for tofu from open containers (Figure 22). A 
statistically significant difference was observed for aerobic plate counts between tofu 
cake from open containers and package (p<0.001).  
The mean level of aerobic plate count on tofu juice from open containers was 
higher than the levels on juice from packaged tofu (Figure 22). A statistically significant 
difference was detected (p<0.001). The mean aerobic plate count for tofu juice from 
package was 3.3 ± 1.9 log10 CFU/ml compared to 6.6 ± 0.9 log10 CFU/ml for tofu juice 
from open containers (Figure 22). 
 
Figure 22. Aerobic Plate Count by tofu type. The mean aerobic plate count is shown 
for each tofu type. The bars represent the standard deviation; “n” represents the number 
of sub-samples. The same letters on top of the bars indicate that the means were 
significant at the 0.05 level. 
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5.4.3 Comparison of total coliform count in tofu cake and juice between tofu types 
The mean total coliform count was 0.48 ± 0.9 log10 MPN/g for packaged tofu cake 
compared to 3.06 ± 1.0 log10 MPN/g for tofu cake from open containers (Figure 23). A 
statistically significant difference was detected in the total coliform count between 
packaged and tofu cake from open containers (p<0.001). 
A statistically significant difference was also observed in the total coliform count 
for juice from packaged and tofu from open containers. The mean total coliform count for 
tofu juice from package was 0.49 ± 0.97 log10 MPN/ml compared to 2.86 ± 1.18 log10 
MPN/ml for tofu juice from open containers (Figure 23). 
 
 
Figure 23. Total coliform counts by tofu type. The mean colifom count is shown for 
each tofu type. The bars represent the standard deviation; “n” represents the number of 
sub-samples. The same letters on top of the bars indicate that the means were significant 
at the 0.05 level. 
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5.4.4 Comparison of prevalence of fecal coliforms, E. coli and S. aureus in tofu cake 
and juice between tofu types. 
The presence of fecal coliforms was observed in both tofu cake and juice from either 
package or open container. The percentage of tofu cakes contaminated by fecal coliforms 
was 3.1% for packaged tofu and 15.4% for open container (Table 20). A statistically 
significant difference was close to being detected for fecal coliforms between packaged 
and tofu from open container (p=0.07) as determined by the Chi-square test.  
The prevalence of fecal coliforms in tofu juice was 5.3% for packages compared 
to 23.4% from open container (Table 20). A statistically significant difference was also 
close to being detected between the two groups (p=0.076). 
The prevalence of E. coli in tofu cake was 3.1% compared to 1.3% for packaged 
and tofu from open container respectively (Table 20). E. coli was not detected in any of 
the tofu juices from a manufacturer, but it was present in 2.6% of tofu juices from open 
container. A statistically significant difference was not detected between tofu cakes or 
juices from package or open container (p=0.51 and p=0.48, respectively). 
S. aureus was not detected in any of the samples tested, except for two samples 
of tofu cake from open container (2.6%) (Table 20). A statistically significant difference 
was not observed between the prevalence of S. aureus in tofu cake from a manufacturer 
and from open containers (p=0.36).  
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Table 20. Presence of fecal coliforms, E. coli and S. aureus in tofu.  
Tofu type 
Fecal coliforms E. coli S. aureus 
Packaged 
Open 
container 
Packaged 
Open 
container 
Packaged 
Open 
container 
Cake 
3.1% 
(1/32) 
15.4% 
(12/78) 
3.1% 
(1/32) 
1.3% 
(1/78) 
0% 
(0/32) 
2.6% 
(2/78) 
Juice 
5.3% 
(1/19) 
23.4% 
(18/77) 
0% 
(0/19) 
2.6% 
(2/77) 
0%. 
(0/19) 
0% 
(0/77) 
 
 
The prevalence of Listeria spp. was observed in tofu cakes from open containers 
only. Five samples (6.4%) of tofu cakes from open containers were contaminated by 
Listeria spp (Table 21). One of the strains found was L. grayi and the other four were L. 
innocua.  
 
 
Table 21. Presence of Listeria spp. in tofu cake.  
Tofu type 
Listeria spp. 
Packaged Open container 
Cake 
0% 
(0/32) 
6.4% 
(5/78) 
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5.5 Discussion 
Retail sale of fresh tofu in open containers is a practice that exists in ethnic retail stores 
located in ASI tracts from Philadelphia, PA. From the 182 stores visited in 14 ASI tracts, 
15 had availability of tofu from open containers (8.2%).  
The average temperature of storage in-store of packaged tofu was significantly 
lower than tofu from open containers (45.5 ± 5.9°F vs. 49.5 ± 5.9°F, respectively). It was 
observed during collection of samples that many retail stores that carried tofu from open 
containers were keeping the product at room temperature, even during hot seasons. 
Abusive temperature of storage is a concern for products such as tofu, which is a 
potentially hazardous RTE food. If mishandled, increased temperatures of storage could 
allow growth of microorganisms, compromising quality and potential safety of this 
product.  
Data obtained from this study also shows that both cake and juice of tofu from 
open container had higher levels of aerobic plate count and coliforms than packaged tofu. 
The unsafe temperature of storage of tofu from open containers and potentially 
mishandling of the product during production, transportation and storage may be the 
cause for the lower quality from these products. Levels of fecal coliforms between both 
cake and juice tofu from open container compared to packaged tofu were not statistically 
significant different, but the difference was close to being detected (p=0.07).  
The prevalence of S. aureus and Listeria spp. was observed only in tofu cakes 
from open containers (2.6% and 6.4% respectively, n =78). However, the presence of E. 
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coli was found from one packaged tofu cake (3.1%, n=32) and from both tofu juice and 
cake from open containers (2.6%, n=77; 1.3%, n=78, respectively). Inadequate sanitary 
practices during production and storage of this product may have led to contamination by 
S. aureus, E. coli and Listeria spp. The presence of Listeria spp. is a concern, even 
though the strains detected in this study are non pathogenic. Contamination indicates that 
tofu from open containers can allow the survival of Listeria, pathogenic or not, during 
storage of this product. 
Limited studies have looked at the microbial loads in packaged and tofu from 
open container. Ashraf et al (1999) reported significant differences in plate counts 
between packaged and bulk tofu from eight different stores in a rural county in Illinois, 
showing an average plate count levels of 6.6 x 10
7
 CFU/g for bulk tofu. This result is 
similar to what we have found from our study. In addition, Ashraf et al (1999) reported 
all tofu bulk samples (n = 6) with coliform counts greater than 50,000 MPN/g. Our data 
had approximately 40% of tofu cakes from open containers with coliform counts higher 
than the detection limit (> 11000 MPN/g). 
These results demonstrate a potential hazardous practice of selling tofu from 
open containers present in retail stores available in ASI tracts. Personnel may mishandle 
this product due to the lack of knowledge about its perishable nature, which indicates a 
need for educating store employees. As a matter of fact, only packaged tofu had 
expiration dates printed on its container. Shelf life information was not available for any 
of the tofu purchased from open containers.  
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6. Overall conclusion 
Retail stores located in low SES tracts had higher temperature of storage of eggs and 
higher aerobic plate counts in milk than any other tract category studied. These results 
indicate that low SES populations may be exposed to products stored in-store at less safe 
temperatures, which could compromise the quality and safety of the final product. 
Retail stores serving Hispanic populations showed higher aerobic plate count in 
milk and hoagie and also higher fecal coliform counts in deli meat than any other tract 
studied. Populations from Hispanic tracts may be accessing foods of low quality and 
safety levels. 
Retail stores serving Asian populations showed higher aerobic plate counts on 
hoagie and deli meat samples, and frequent storage of eggs at room temperature. In 
addition, tofu samples from open containers available to Asian population had in general 
lower microbial quality and safety than packaged tofu. These results indicate that food 
handlers from retail stores from Asian census tracts should be trained to avoid the 
decrease in quality and safety of ready-to-eat products, especially ethnic food products 
that are not obtained from a manufacturer.  
Greater availability of ready-to-eat cut produce and fresh herbs was observed in 
retail stores accessible to Asian and high SES populations. In general, microbial counts 
for these products appear to be high in samples from retail stores located in Asian census 
tracts, but the limited number of samples from this study did not make possible any 
comparison between the different tract categories. Future research should examine the 
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microbial loads of ready-to-eat cut produce and fresh herbs available to Asian population 
at the retail level. 
The results presented in this study can help agencies to establish guidelines for 
the microbial loads of ready-to-eat foods in the United States and it can also serve as a 
baseline comparison for other studies, since limited number of research projects has 
examined ready-to-eat foods from retail stores in the US. In addition, federal agencies 
can focus their training material targeting possible problems observed herein.  
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APPENDIX A 
 
 
 
 
 
 
 
 Appendix 1. Ten EIP sites which are part of the FoodNet.  
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APPENDIX B 
 
 
For 3 tubes each at 0.1, 0.01, and 0.001 g inocula, the MPNs per gram 
and 95 percent confidence intervals.  
Pos. tubes MPN/g Conf. lim. Pos. tubes MPN/g Conf. lim. 
0.10 0.01 0.001 Low High 0.10 0.01 0.001 Low High 
0 0 0 <3.0 -- 9.5 2 2 0 21 4.5 42 
0 0 1 3.0 0.15 9.6 2 2 1 28 8.7 94 
0 1 0 3.0 0.15 11 2 2 2 35 8.7 94 
0 1 1 6.1 1.2 18 2 3 0 29 8.7 94 
0 2 0 6.2 1.2 18 2 3 1 36 8.7 94 
0 3 0 9.4 3.6 38 3 0 0 23 4.6 94 
1 0 0 3.6 0.17 18 3 0 1 38 8.7 110 
1 0 1 7.2 1.3 18 3 0 2 64 17 180 
1 0 2 11 3.6 38 3 1 0 43 9 180 
1 1 0 7.4 1.3 20 3 1 1 75 17 200 
1 1 1 11 3.6 38 3 1 2 120 37 420 
1 2 0 11 3.6 42 3 1 3 160 40 420 
1 2 1 15 4.5 42 3 2 0 93 18 420 
1 3 0 16 4.5 42 3 2 1 150 37 420 
2 0 0 9.2 1.4 38 3 2 2 210 40 430 
2 0 1 14 3.6 42 3 2 3 290 90 1,000 
2 0 2 20 4.5 42 3 3 0 240 42 1,000 
2 1 0 15 3.7 42 3 3 1 460 90 2,000 
2 1 1 20 4.5 42 3 3 2 1100 180 4,100 
2 1 2 27 8.7 94 3 3 3  >1100 420 -- 
Appendix B. Most Probable Number (MPN) table provided by FDA  
Bacteriological Analytical Manual (Feng et al., 2001). 
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APPENDIX C 
 
 
 
 
Appendix C. Poverty Thresholds (Annual Dollar Amounts) by size of family and number of 
related children under 18 years old: 1999 (U.S. Census Bureau, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
